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PEEFACE. 



In introducing the present work to the Public, a few 
prefatory words appear called for to explain the objects 
with which the Author prepared it. The great pro- 
ficiency in Mathematics, requisite for the comprehension 
of more elaborate treatises on Girders, Eoofs, &c., has 
rendered such works unsatisfactory to the great bulk of 
engineering students, and useless to those artizans who, 
having spent their early years in labour, have not had 
leisure for the more abstruse branches of Education. 
For these two classes the present work has been 
especially written, after several years' consideration of 
the subject, and throughout, care has been taken to 
preserve the pure principles of structures in their 
exactitude, without using any mathematical processes 
beyond arithmetic, except in the simple algebraical 
demonstrations of the rules which are inserted for the 
use of such as may desire to study them. 

FEANCIS CAMPIN. 
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INTRODUCTION. 

The vast progress made during the last fifty years in 
metallurgical art has caused the metals to assume a 
very forward place amongst the materials used for 
structures of all descriptions, such as bridges, roofs, 
lighthouses, and public and private buildings of all 
kinds, and it may specially be remarked that at the 
present time much more attentipn has been drawn to 
the adaptation of iron to the purposes of the builder 
than that subject had hitherto attracted. 

Iron being, from its physical qualities, suitable for a 
great variety of uses, extending up to the construction 
of the greatest works, it is easy to account for the fact 
that almost only works of great magnificence have 
received that general consideration which smaller 
undertakings equally deserve. The engineer may 
point with justifiable pride to the bridges which in 
safety carry our heavy traffic over the widest rivers, 
and contemplate with satisfaction the colossal roofs 
which afford a covering to our spacious railway stations ; 
but equally with these the student should examine the 
requirements and principles of those works which, 
though less pretentious, acquire equal importance firom 
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their greater frequency. It cannot be denied, even by 
the most ardent admirer of stupendous works, that the 
due proportioning and arrangement of iron structures, 
which may perhaps form the nucleus of a future colony, 
and afford comfort and security to its founders, are not 
inferior in importance to the more elaborate designing 
of the most expensive structure required by the economic 
and SBsthetic exigencies of a civilised community ; hence, 
the engineer who would perform the duty which devolves 
upon him of extending* his art through the widest sphere 
of usefulness must study the application of the materials 
with which he has to deal, even to works of apparent 
insignificance, and, moreover, by so doing he will acquire 
a knowledge which will subsequently be of great value 
to him in setting out the subordinate details of any 
larger structures with the execution of which he may be 
entrusted. 

In treating of wrought and cast iron structures, we 
shaU endeavour to set forth in the simplest possible 
form the fundamental principles which rule the applica- 
tion of the metals referred to, to structural purposes, 
whether as arches, pillars, girders, or trussing, and 
subsequently to explain the mode in which works having 
been designed in accordance with such principles are 
executed, in the iron-yard or foundry, as the case 
may be. 

It is not sufficient that the engineer should merely be 
able to calculate the strong^ of every part of his work, 
which he may generally do by the aid of books of rules, 
&c., but he requires a keen perception of possible con- 
tingencies which may arise during the process of manu- 
facture, and a knowledge of sesthetics, so that by duly 
considering the characters of his materials, he may 
produce a work combining in the highest degree utility 
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with a pleasing appearance. Of course no one can ex- 
pect to possess these qualifications without preyiously 
having extensiye practical experience ; but careful unre- 
mitting study of the works of predecessors will tend 
very materiaUy to assist in educating the eye and 
maturing the judgment of the student, provided that he 
reflects carefully upon th'e good and bad features — ^both 
constructive and artistic — observed in such structures as 
come under his notice ; and speaking of bad features, 
let it be remembered that much useful information is to 
be gained from studying errors^ for from an examination 
of their causes, their future occurrence may be avoided, 
and from their results the importance of obviating them 
may be estiniated. 

In respect to the production of pleasing effects in iron 
structures we have always held a very decided opinion 
that such a result can seldom be attained by ornamenta- 
tion, having no other duty than that of hiding unsightly 
work ; it must be due to a consistency of design, the 
forms introduced should be such as are suggested by the 
nature of the material wrought, otherwise they are not 
in accordance with common sense, hence are opposed to 
good taste. If we consider some of our stone structures, 
there is but little of actual ornament about them, such, 
for instance, as London Bridge and Waterloo, but yet 
from the consistency of design both these noble works 
produce a pleasing effect upon the eye ; the same results 
may doubtless be secured with other materials, but it 
must not be forgotten that each typical material has a 
style of architecture specially ©uited to it, and if that 
style be not followed in its application, discordant effects 
will be produced, and in point of fact it is better to have 
a work absolutely plain than loaded with ornamentation 
inconsistent with its general character. 
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In regard to the strength of structures, the modes of 
ascertaining it are sufficiently clear and reliable, and 
once comprehended cannot give rise to failure if correct 
data are used as to those matters which are determined 
by experiment, such as the resistance of the materials 
to the various forces to which they are subjected when 
fitted into their respective places in the structures of 
which they form the details. It is, however, very re- 
markable that engineers in this country have not availed 
themselves of the improvements in the iron trade to so 
great an extent as they might in reducing the weight of 
wrought-iron structures ; in fact, these works are made 
stronger, and therefore more costly, than is necessary. 
If metal will safely carry five tons in tension per sectional 
square inch, surely it is a waste to make bridges of such 
proportions that the heaviest strain cannot exceed two 
and a half or three tons — ^it may be instructive to ex- 
amine the amount of loss thus caused. 

If we merely take the area of the metal required to 
carry the live or moving load, the waste caused by using 
too low a co-efficient of strength is at once observable ; 
but by increasing the areas of the parts of a structure, 
the dead load or weight of such structure is also in- 
creased, and all the strength taken up in the support of 
the work itself (although a necessary absorption of re- 
sistance), must be regarded as prejudicial. One reason 
to which may be assigned the excessive sectional area 
found in the works of many engineers, is that habitually 
in the first calculation of strains the dead load is much 
over estimated, sometimes as much as fifteen or twenty 
per cent. 

Now, although undoubtedly it is always best to have 
some excess of strength, yet it is both unwise and un- 
scientific, as well as ruinous, to have too great an excess; 
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and moreover it shows a defideney or mistrust some- 
where ; the engineer loses faith either in his own design 
or in the quality of materials or workmanship supplied 
by the manufacturer, and he can assure himself of the 
two latter points by exercising personally, or by a com- 
petent representative, proper supervision of the work 
during its construction. 

Turning to the works of nature, which should ever 
guide the engineer, there is seen ample strength pro- 
vided, but no waste of material ; each object is nicely 
adapted to meet the exigencies of its own case, and the 
works of certain insects exhibit such examples as are 
T«ell worthy of the careful study of human constructors, 
for we have to arrive by our intellectual efforts at a 
stage of perfection comparable to that evolved from the 
instincts of the lowest orders of the animal world. 

In making allowances for possible weakness of ma- 
terial and for other uncontrollable emergencies, these 
should be treated en masse, and the requisite excess of 
strength above that required by theory at once deter- 
mined, instead of pursuing the common system of 
assuming the loads and strains to be greater than they 
ever can be, and after calculating from the data of these 
unattainable loads to throw in an excess of sectional 
area over that ascertained. It is not as if maximum 
loads were difficult to be determined, for, on the con- 
trary, the means of finding their amounts are always 
available. If a bridge is required to carry general 
traffic, the weight of that traffic and the nature of the 
concussions or vibrations produced by it may be found. 
If the work forms a portion of a line of railway the 
weight of the stock on such line is known to the 
engineer. Similarly with girders and columns used in 
the erection of warehouses and other buildings, the 
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total superimposed load can always be ascertained. 
The actual maximum load having been arrived at, 
there need be no further allowance made, provided the 
metal be duly tested and the workmanship good, then a 
sound but light work will be obtained, one combining 
the two requisites of ample strength and minimum 
weight. 

Sometimes it may, of two plans, be more economical 
to adopt the heavier ; and this will be the case when in 
the lighter design all that is saved in material is lost by 
increased cost of manufacture or material ; hence, that 
the engineer may be thoroughly competent to judge in 
such instances, he must have a knowledge of the 
mechanical manipulations to which his materials are 
subjected in the process of being manufactured into the 
required forms, otherwise he will be at the mercy of the 
contractor to whom he applies for advice, and whose 
business it is to turn out the work in such a manner 
that, whilst it does him no discredit, he can make the 
greatest profit out of it. In fact, the civil engineer is 
the buyer, or rather is entrusted virtually with the 
buying, of certain things of which the contractor is the 
seller; hence, considering the great trust reposed in 
him and the heavy responsibilities attaching to his 
position, he shoidd, by every means in his power, 
endeavour to gain a thorough knowledge of his pro- 
fession, theoretically and practically, and thus qualify 
himseK for the sphere of usefulness he has selected. 
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CHAPTEEI. 

OAST AND WBOUGHT IRON AND STEEL. 

The mechanical properties of cast-iron differ "widely 
from those of the wrought metal, hence the modes of 
manipulation, and the purposes to which these materials 
are especially suitable, also vary considerably. 

Cast-iron is rigid, inflexible, and brittle, incapable 
of being forged, welded, or drawn, although it may 
readily be cast into any required form. Wrought-iron 
is remarkable for its toughness ; it may be beaten into 
various shapes at a red heat, and welded at a white 
heat; these welded joints being, when properly exe- 
cuted, equal in strength to the solid metal ; in fact, a 
good weld is solid metal. Wrought-iron may be drawn 
9old into fine wire, hence is very ductile. 

Of cast-iron there are several qualities and kinds, 
varying from that which has a silvery-white, crystalline 
fracture, to the tougher kinds, exhibiting a grey fracture. 
By certain modes of treatment castings, when made, may 
be rendered malleable ; but, in fact, the nature of the 
material becomes more similar in the process used to 
that of wrought-iron ; but malleable castings have not 
nearly the strength of ordinary wrought-iron, although 
they lose the brittleness of common cast-iron, and thus 
become less liable to fracture ; hence this metal is 
valuable for articles of common use, which, although 
subject to rough handling and falls, are not called upon 
to bear strains of any magnitude. 

The quality of malleable iron depends upon the 
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foreign bodies associated with it, hence in great mea- 
sure upon the quality of cast-iron from which it is made, 
being prepared from that metal by processes of purifi- 
cation; but this is also influenced by the amount of 
hammering or working the wrought metal has under- 
gone while in a state approaching semi-fusion, the 
continued working rendering the metal more homo- 
geneous or uniform in its structure, and, therefore, 
tougher and of more equal strength throughout. 

Steel, which consists of iron combined with a portion 
of carbon, possesses most of the properties of wrought- 
iron in a higher degree ; it must, however, be forged at 
a lower temperature ; it admits also of being cast, and 
various degrees of hardness may be imparted to it by a 
process of hardening and tempering, the greatest hard- 
ness being obtained by plunging the red-hot metal into 
cold water. In this state, however, it is exceedingly 
brittle, hence for most purposes it is necessary to temper 
it lower, which is effected by gradually heating the 
metal to a certain temperature, regulated according to 
the degree of hardness and elasticity required in the 
work imder manipulation. 

The resistance of wrought-iron to a tensile or stretch- 
ing strain is far greater than that of cast-iron, but the 
strength of the latter as opposed to compressive or 
crushing strain is superior to that of the former. 

The tensile resistances of the materials per square 
inch of sectional area are : — 



Swedish bar-iron . 


65,000 lbs. = 29-01 tons. 


Eussian „ • . 


. 59,470 „ = 26-54 „ 


Engb'sh „ . . 


56,000 „ = 2500 „ 


Wire rope , . . 


. 90,000 „ = 4017 „ 


Oast-iron • • . . 


. 17,625 „ = 7-87 „ 
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The compiressive resiBtances are :— 

Cast-iron 120,000 lbs. = 53*67 tons. 

Wrought-iron . . . 36,000 „ = 16*07 „ 

Generally in practice no strain is allowed upon metal 
wluch shall exceed ane-stxih part of its ultimate strength 
or breaking weight, although sound metal is not sup- 
posed to be injured until one-third of its breaking 
weight is reached, injury being shown by permanent 
alteration of form, for although a body may be bent, 
extended, or compressed, no iigury can be assumed to 
have been caused so long as upon the removal of the 
strain such body resumes its former figure and dimen- 
sions. The permanent deflection of structures due to 
imperfections in the joints is not to be confounded with 
that due to physical injury of the material, and is, in 
fact, quite immaterial to the strength of the work, pro- 
vided it be kept within reasonable limits. 

In calculating bridges and other works specified to be 
Osgood (i.e. above the average) iron, it is usual to allow 
as safe strains per square inch, — 

Wrought-iron in tension 5 tons — in compression 4 tons. 
Cast-iron „ 1*5 „ — „ 7 tons. 

These mechanical differences in the properties of the 
various kinds of commercial irons are due to variations 
in chemical composition, hence it is desirable briefly to 
consider the constitution of the metal and the changes 
brought about in it by processes of manufacture. In 
nature but little iron, comparatively speaking, occurs in 
the metallic state, the largest deposit being probably 
found in the beds of magnetic iron-sand at Taranaki. 
This sand may be regarded as almost pure iron, con- 
taining as it does about 95 per cent, of that metal ; the 

b8 
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remainder consists of small proportions of various 
foreign substances, such as manganese, titanium, &c. 
Tliis material is not largely used, on account of its con- 
dition rendering it awkward to manipulate. 

The ores or iron-stones, from which the iron of com- 
merce is mainly derived, contain the metal in the con- 
lition of oxide or rust, associated with various metallic 
and earthy matters, which must be got rid of by metal- 
lurgical operations. The ores contain the iron in pro- 
portions varying from 70 per cent, down to 28 per cent. ; 
those poorer than the latter are not worked to extract 
their metal, though they are used as fluxes in the treat- 
ment of the richer minerals. 

The iron being found combined with oxygen, it is 
necessary to remove the latter in order to release the 
metal, and this is effected by the smelter in a process of 
reduction. The iron-stone is put into a blast-furnace in 
contact with carbon (as fuel), and a high temperature 
being maintained, the carbon combines with the oxygen 
of the oxide of iron, and the reduced metal melts and 
flows through the fuel to the bottom of the furnace. 
Besides the fuel and iron-stone, it is also necessary to 
put into the furnace certain materials to act as fluxes, 
which, becoming partially liquified, dissolve some of the 
foreign matters associated with the iron, retaining them 
in the form of glags. The theory of the action set up is 
sufficiently simple, but in practice the processes are 
somewhat more complex than might be imagined, hence 
it is advisable to explain the operations by which the 
iron is eliminated from its ores. 

As a general rule, a mixture of several different kinds 
of ore is used for smelting, because experience has 
fihown that this process is then more easily and com- 
pletely carried out than if one kind of ore be employed 
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alone. Such ores as contain carbonic acid, water, or 
sulphur must, previous to undergoing the smelting pro- 
cess, be roasted in suitable furnaces to expel thoso 
bodies which will pass off in the gaseous state under 
the influence of heat. The ores always contain a certain 
amount of impurities termed ganguesy such as silica, 
clay, lime, phosphorus, manganese, &c. Silica espe- 
cially forms a principal ingredient in iron ores, and this 
will not melt, even when exposed to the greatest furnace 
heat, alone ; but it must be melted in order that the 
iron may flow out from its ores and be obtained as a 
coherent mass. This is effected by the addition of a 
flux, commonly lime, which, being a base, combines 
with the silicic acid ; a lime-glass is thus formed, and 
if loam and clay be also present, an alumina-glass, both 
of which, when combined, melt more easily than each 
separately, and flow off as slag. The combination of 
ores and fluxes ready for the smelter is called the 
mixture. Alternate layers of this mixture and of 
wood-charcoal or coke are thrown into the blast- 
furnace in suitable proportions, according to. the quality 
of the mineral used. 

The top or mouth of the furnace serves both for 
charging the materials and for the escape of smoke ; it 
is thus at once a door and a chimney. In the upper 
part of the shaft the mixture is heated to redness, hence 
a roasting effect is produced j during this process the 
carbonic acid of the limestone also escapes. Further 
down the carbon abstracts from the iron ore its oxygen, 
and escapes with it as carbonic oxide, which at the 
mouth, on coming into contact with the atmospheric air, 
is consumed, exhibiting a bright flame. 

In the boshes or lower part of the furnace, where the 
heat is most intense, the reduced iron melts and falls in 
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drops upon the hearth, together with the silica, lime 
and clay ; these form a slag which floats on the melted 
iron, and is drawn off from time to time, as occasion 
may require. The molten iron is allowed at intervals to 
flow off through a hole in the side of the hearth. After 
liaving heated to 200° or more the air requisite for the 
combustion of the charcoal or coke, it is forced into the 
blast-furnace by a blowing-engine or other suitable 
apparatus, and a temperature of probably 2000°, or 
2600° Fahr., is obtained. 

In proportion as the melted iron and slag are removed 
from beneath, fresh charges of ore, lime and fuel are 
introduced at the top, and in this manner the smelting 
is often continued for five or six years, according as the 
furnace holds out. The following table shows the mate- 
rials used and the resulting products : — 

Materials. Products. 

Iron ore — Carburetted iron (cast-iron). 
Flux — Carbonic oxide and carbonic acid (gases of com- 
bustion). 
Fuel — Silicates of lime and alumina (slag). 

The siliceous slags from the blast-furnace usually have 
a g^een or blue colour, which is due to the oxides of 
iron and manganese dissolved in it whilst in a state of 
fusion ; it is frequently formed into square blocks, and 
used for building stoves. 

The metal obtained by the above process is termed 
crude cast-iron ; it is by no means pure, but is che- 
mically combined with carbon, and also contains small 
proportions of other foreign bodies, such as silica, 
alumina, manganese, &c. A hundredweight of iron 
will take up at the hottest white heat from about four 
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to five pounds of carbon, likewise some silicon from the 
silicic acid, and aluminum from the clay. Traces of 
sulphur, phosphorus, and arsenic are also sometimes 
present. 

As the molten crude iron flows from the hearth of the 
fiimace, it is directed into a trough or channel formed 
in a bed of sand, from which other channels branch off 
on either side ; the iron cast in the main channel is 
termed the aow^ and that in the smaller ones the pigsj 
whence the term pig-iron. 

Of the two kinds of iron commonly known in com- 
merce, grey iron has a granular texture, and admits of 
being filed and bored with facility ; hence it is suitable 
for castings. 

"White iron is of a silvery whiteness, and too hard to 
be worked with steel instruments, and is most suitable 
for the manufacture of malleable iron and steel. Crude 
white iron, by rem citing and very slow cooling, is 
changed to grey, and, on the other hand, grey iron is 
changed to white by heating and then suddenly cooling 
it. Thus, by pouring molten metal into a cold mould it 
acquires a very hard surface, and presents what is 
termed a chilled casting. 

Castings may be locally chilled by forming the mould 
with means for cooling that part of the surface which 
corresponds with the portion of the casting required to 
be hard. 

Malleable iron is obtained from crude iron by de- 
priving it of its carbon, which is done by various pro- 
cesses of oxidation, such as the following : — 

1. The carbon is oxidised by the action of atmo- 
fipheric air on the molten iron, which is kept stirred to 
expose new surfaces to its action whilst in a refinery 
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or a puddling furnace. (The old method of pud- 
dling.) 

2. Air is forced through the iron while in a state of 
fusion in a vessel termed a converter, through the 
bottom of which the air is blown- (Bessemer's method.) 

3. Super-heated steam is forced through the molten 
metal, thus oxidising the carbon, and also removing 
sulphur and phosphorus as sulphuretted and phos- 
phoretted hydrogen. (Galy-Cazalat's method.) 

4. The melted metal is acted on with certain salts, 
such as nitrate of soda, &c., by which the carbon is 
oxidised out. (Heaton*s process.) 

In all these processes the carbon escapes as carbonic 
oxide or carbonic acid. The process invented by Galy- 
Cazalat has not yet been applied on a large scale in 
England, but in France it has been found to yield 
results eminently satisfactory, and it certainly is a very 
elegant process, both the constituent gases of the water 
which are evolved by its decomposition being rendered 
subservient to some useful purpose. 

The quality of malleable iron is improved by being 
well hammered and cut up, and again worked up in the 
forge, as by these means its quality is rendered more 
uniform and its texture more homogeneous ; thus scrap 
iron, that is old iron re-worked, is much esteemed for 
certain manufactures, such as for gun-barrels, &c., 
requiring great strength and soundness. 

Steel is iron containing a certain quantity of carbon, 
but not so much as is found in cast-iron ; it may bo 
prepared in either of the two following ways : — 

1. By keeping bars of wrought-iron at a temperature 
close upon the melting point in contact with powdered 
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charcoal, access of air being prevented for a leng^ of 
time, dependent on the size of the bars. This process is 
called cementation, and evidently the bars will be more 
carbonised on the exteriors than the centres ; hence, to 
obtain the steel uniform, the cemented bars must be 
cut up and re- wrought into bars or plates, as may be 
required. 

2. By canying the refining of crude iron to such 
a point that there is sufficient carbon left in it to form 
steel, and then arresting the process. This method 
gives better results at a much reduced cost of pro- 
duction. 

Malleable iron, for general commercial purposes, is 
manufactured in the following forms : — 

Bars. — Round, square, flat, elliptical. 

Do. — ^Angle, tee, and flanged, having sections L T 
and n, also half-H iron or channel iron bars. 

Plates. — Of various sizes. 

Special forms frequently used, as railway-bars, sash- 
bars, deck-beams, roUed-girders, &c. 

The rolls in which the bars and plates are formed are 
adjustable, so that any required thickness may be 
obtained. 

In ordering iron of a manufacturer for any consi- 
derable work, it is usual, after the working drawings 
have been finally settled, to go carefully through them^ 
and note the sizes of all the plates and bars required, 
then from these data the order list for the rolling-mills 
can be made out. 

Medium-sized bars will run up to 25 feet in length, 
and similar angle-iron bars up to 30 feet ; but when 
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bars or plates exceed certain gross weights per plate or 
per bar, the price per ton is increased, otherwise the 
longer the bars the better, as reducing the number of 
joints in a structure. 

Some years back a method of plate-welding was intro- 
duced, to supersede rivetting, by Mr. Bertram, but it 
has not come largely into use, although it was found that 
joints thus made were equally strong with the rest of 
the plate when experimentally tried. Probably the 
practical difficulties in manipulation have militated 
against its adoption* 



CHAPTER n. 

STRAINS ON STBUOTTTBES. 

The strains which are brought to bear upon the different 
elements of structures are five in number, namely, ten- 
sion, compression, transverse or bending strain, shearing, 
and torsion or twisting strain. The two first are direct, 
and the third may be resolved into them. Shearing 
force tends to cut or shear off some portion of material, 
such for instance as the head of a rivet. Twisting 
strain does not often occur in the elements of structures, 
being more common in machinery, — it may, however, 
be resolved into shearing force. 

A strain of a direct character may act upon an 
element lying in the same direction — such is the stress 
produced by a load on a column or a weight hanging at 
the extremity of a chain or vertical suspending rod; but, 
on the other hand, the strain may not act in the direc- 
tion of the sustaining framework, being borne by two 
or more inclined bars. In such a case the intensity of 
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Fig. 1. 



the strain on the element will be different fi'om that 
of the force to which it is due, and, moreover, in each 
element different from the proportion or share of force 
resisted thereby. 

Let a hid Fig. 1 represent an inclined bar forming 
part of a truss, or lattice girder, its lower end resting 
on the point of support or pier, 5, and let this inclined 
bar sustain a weight or part 
of a weight, transmitting 
the load thus imposed upon 
it to the pier. Let this load, 
which passes through a i, be 
represented by the ball w. 
From the foot h of the in- 
clined bai^ draw the line h c, 
horizontal, then it will be at 
right angles to the vertical 
line a c. It is required to find 
the strain on the bar a 3, due to the load to. Taking h 
as a starting point, the position of the extremity a will 
be described by giving the two measurements h c and 
e a, a is the point at which the load is applied, and 
evidently h-evR its horizontal distance from the point h ; 
that is to say, its distance from h, measured only in a 
horizontal direction; and, in like manner, a c is the 
perpendicular distance, or height of the point a above the 
point b : that is, e a is the distance from h, measured 
perpendicularly. The rule to find the strain on the 
inclined bar will be as follows : — 

BuLE (1). To find the strain, multiply the load by the length of 
the bar in feet, and divide the product by the " perpendicular 
distance " in feet. The quotient will be the strain, which wiU 
be in pounds if the load is taken in pounds, or in tons if the 
load is taken in tons. 
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Example. Let the weight be 2,500 lbs., the length 
of the bar 20 feet, and the height or " perpendicular 
distance " 16 feet, then the rule should be thus 
worked :— 

2,500 lbs. weight or load, 
20 feet length of bar, 

"Perpen. distance," 16 )50,000( 3,125 lbs. 'strain on bar. 

48 



20 
16 



40 
32 



80 
80 



Had the load been 25 tons, the working would be — 

25 tons' load, 

20 feet length of bar. 



^<Perpen. distance," 16 )50,000( 31-25 tons, or 31i tons' 

48 strain on bar. 



20 
16 



40 
32 



80 
80 



This practical rule will serve in every case to determine 
the strain on a bar due to the force or load transmitted 
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by it, no matter in wliat position such bar is placed, 
when the following quantities are given, viz., the 
amount of weight or force acting upon the bar, the 
length and position of the bar, and the direction of the 
force. 

To make the diagram, the bar is drawn in any 
convenient position, as a. 3, Fig. 1 ; a c is then drawn 
from the point of application, a, of the force, and b e 
is drawn jfrom the end h of the bar at right-angles to 
a e, so as to complete the right-angled triangle a h e^ 
the "perpendicular distance" always lying in the direc- 
tion in which the force or load is acting upon the 
inclined bar. 

Having given the rule and exemplified its applica- 
tion, it is now necessary to show in what manner it is 
obtained ; we will, therefore, proceed to its demon- 
stration. 



In Fig. 2, let t^ be a weight at the extremity of a 
cord or rod, a Wy which weight is supported by the two 
inclined bars, ah, a c, the load being suspended from 
apex a, and the lower ends 
resting on suitable abut- 
ments at h and e ; of course, 
a Wvn}l be vertical, and the 
supporting elements are 
assumed to be straight. It 
is required to determine the 
proportion of the load borne 
by each point of support and "^"^"ir.lY.IIin'i 
the strain upon each of the 
bars ah, a c. Let x and y 
represent the respective distances of the points of 
support h and c from the weight 7F, then, accord- 
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mg to tlie principles of the lever, the load on h 
will be 



=1 JT X 



y 



^ + y 

Here c is the fulcrum and h the point at which the 
pressure is given off, the former having a leverage y, 
the latter a leverage x + y. For simplicity, let :r + y 
.= /, as / will be generally put for the span or clear dis- 
temce between the points of support in all kinds of 
structures, then the load on h 

= JF X ^ 

and by a similar mode of reasoning the load on c is found 
to be 

= ?r X ± 
I 

hence the loads on the points of support are inversely 
as the distances of the supports from the weight W. 

Next let the strains on a h, a c ho determined. 

On the vertical line a W] and with any convenient 
scale of equal parts, mark off fi-om a a distance a f, 
representing the intensity of the weight TF", and from the 
j)oint/dravf the lines fdj/e^ intersecting a h and a cm 
the points d and e, then, according to the doctrine of the 
parallelogram of forces, the strains will be represented 
on the scale of equal parts by the lengths a d and a e, 
a d being the strain on a h, and a e the strain on a c, 

aefd being a parallelogram the opposite sides are 
equal (Euc. Bk. 1, prop. 34), hence 

d f=z a e 
but the sums of the strains caused by the weight W 

^=.ad'\'ae=iad + df 



I 
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Thus it is seen that the sum of the strains produced 
by the weight W wUl be represented by the two sides 
a d^ df of the triangle dfa^ but, because any two sides 
of a triangle are, together, greater than the third side 
(Euc. Bk. 1, prop. 20), ad, d/are, together, greatei 
than a /. But a f is equal to W, hence the sum of the 
strains due to the weight Waxe, together, greater than 
the intensity of such weight. 

Let, in the present case, the points of support h and 
be in the same horizontal plane, and let h = the 
height of the point a above such plane, the same 
scale of equal parts being used for measurement 
throughout. 

From the points d and e let fall the perpendiculars 
d ff, eh, upon a/, then ag and a h will represent the pro-, 
portions of the weight borne by the points of support h 
and e respectively. 

But the triangles a d g, a h e are similar to the 
triangles a j h, a j e, therefore, by the principles of 
similar triangles, 



ad 

a g 


a h 
aj 


= 


a h 
h 


aJc _ 


a e 




a e 



and 



a e a J h 

But a d has been shown to be equal to the strain on a h, 
due to the weight W, and (? y = to the proportion of such 
weight carried through the bar 3 on to the point of 
support 5, and by previous reasoning this proportion was 
shown to be 

I 
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hence, if ^ = the strain on a h, we have 

8 =2 a d f 



and 



JFi/ _ 



I 



= a^ 



therefore, replacing the letters by these values, we find, 

ad 8 ah 



a ff 



I 



Let 3 = Z, the length of the bar under consideration, 

then 

8.1 __ L^ 

^ ~ h 
wherefore 



Tf^ y 



Fig. 3. 



/ h 

This is one of the fundamental formulse for inclined 
bars of every kind under direct strain; hence it is 
necessary to set it very clearly forth, so that it may 
always be recalled to mind by a diagram, which is very 
easy to be remembered. 

In Fig. 3 let a 3 represent an element of framework 
inclined to the horizon, the 
position of its extremities being 
determined by the form of 
such framework, and let* it be 
required to support a load 
or proportionate part of some 

load), 

= w 

it is required to find the b_ 

strain on a h due to the load ^\\ 

w. From the point a draw the ^^ 

vertical line a c, and from the point h draw the 
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horizontal line b d, intersecting the line a e in the 
point e, then 

ab = L 
ae = h 

and the strain will therefore be 

w . L 



Sz= 



h 

from which is stated the rule for determining the strain 
on trussing due to a weight. 

The BtraJn on the bar is eqnal to the load carried by it, multi- 
plied by the length of the bar and divided by the yertical height 
of its summit above its base. 

It does not, however, always happen that the load or 
force producing the strain acts in a vertical direction, 
hence it is necessary to have a general law applicable to 
all cases, and having regard to the direction of the force 
relatively to that of the bar upon which it brings a strain. 

Let the force w act upon a 3 in any direction a e, and 
from the point b let fall the perpendicular b e upon a e, 
then a eia the perpendicular distance between the point 
at which the force acts {a) and the abutment or point to 
which the force has to be transmitted (5). The for- 
mula remains the same as before, but the general rule 
will be, calling a e for brevity the " perpendicular dis- 
tance" to the bar a 5, as follows : — 

The strain on the bar is equal to the force acting on it, multiplied 
by the length of the bar and divided by its " perpendicular distance." 

This may be accepted as the imiversal rule by means 
of which the strain on any bar produced by a force 
acting at an angle to it may be determined, when the 
intensity of the force and the directions of the force and 
bar are known. 



B 



\ 

\c 



p 
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There is, however, one Bpecial case which requires 
separate consideration ; it is that in which the force is 
acting at ri^ht angles to the element, the strain upon 
which is required to be determined. 

In Fig. 4 let a 5 be a horizontal bar forming part of 
a frame or truss, its duty being to fix the position 
of the upper end a of an in- 
clined bar, shown by the dotted •^* * 

lines a e, and which inclined I 
bar has to transmit a load or 
force, w, from the point, a, of its 
action to the pier c. It is 
required to determine the 
amoimt of strain upon the bar 
a h. This case will always apply 
where the bar receiving the (^ 

strain is at right angles to the 
direction of the strain; and it may be here observed 
that the bar does not carry any had, but merely pre- 
serves the angular position of a e, hence the strain on 
a h will be ruled by the position of a em relation to it 
and to the direction of the strain. Draw a d in the 
direction of the strain and draw from e the line e d 
parallel to a 3, and therefore at right angles to a d, then 
e d will be the ** horizontal distance," referred to in the 
description of Fig. 1. To find the strain on a 5 the rule 
is as foUows : — 

BuLE (2). To find the strain on the horizontal bar (or bar at right 
angles to the direction of the force), multiply the weight or 
load by the "horizontal distance" in feet, and divide the 
product by the " perpendicular distance " in feet, the quotient 
will be the strain (in pounds or tons as the weight is taken in 
pounds or tons). 
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The perpendicxilar distance (as in Fig. 1) is the mea- 
surement oi a d. 

Example : — ^Let the weight or load be 4,000 lbs., the 
"horizontal distance" 4 feet, and the "perpendicular 
distance " 8 feet : — 

4000 lbs.' weight or load, 
4 ft. " horizontaldistance, " 



Perpendicular distance -8)1 6000 



2000 lbs., strain on the hori- 

^^■^ zontal bar. 

Let the weight or load be 15 tons, the " horizontal 

distance" 6 feet, and the "perpendicular distance" 

12-6 feet: 

15 tons weight or load, 

5 feet "horizontal distance," 



Perpendicular distance - 12-5) 75*0 ( 6 tons* strain on 

75-0 horizontal bar. 



We will now proceed with the demonstration of this 
second or special rule. 

In Fig. 5 let a weight or 
force, W, be sustained by an 
inclined bar, a by the extremity 
being retained in position by 
another element a c, which is 
at rtffht angles to the direction 
a tf, of the force. Proceed- 
ing as in the general case 
for a 5, from h draw h d at 
right angles to a ^, and from 
the point d draw d f parallel to a h, then in the 
parallelogram of forces ah dfy the side af or h d will 
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represent tlie strain on tlie bar a e; i£ the diagonal a dis 
taken as equal to the load or force, 7F, put 

a d z=i h z=z " perpendicular distance '* = P 
h d = base of triangle = B 

then it is evident that the strain is found from the 
formula, 

ThuB the special or supplementary rule to find the strain 
produced by any given force upon the element at right 
angles to its direction will be as follows : — 

The strain on tlie bar is equal to the force multiplied by the 
length of the perpendicular drawn from the foot of the inclined 
bar to the direction of the force, and divided by the " perpendicular 
distance " of the inclined bar. 

These two general rules, or rather, we would say, the 
general law and its supplement, furnish all that is required 
for the resolution of the strains on elements of structures 
of every description when the intensities and directions 
of the forces producing such strains are known ; hence 
the importance of becoming thoroughly conversant with 
them cannot be over-estimated in considering what is 
necessary and what is superfluous to the education of 
those who may be called upon to design structures in 
which trussing is used. 

The fundamental principles being seen, elaborate 
theories, which at first sight would, without this primary 
knowledge, be perplexing, become simple and easy ; and, 
moreover, the courses taken by the strains in their pas- 
sage from the point of application of the load to the 
foundations of the structure are more readily perceived. 

The direct force acting on any bar will necessarily 
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produce either tension or compression; in the former 
ease the bar acts as a tie, in the latter as a strut ; we 
must, therefore, proceed to consider the circumstances 
which determine the nature of a strain — ^that is, whether 
it will be tensile or compressive. 

In Fig. 6 let ah represent a bar upon which a force 
is acting towards the abutment or point of support h, then 
the strain on a h will be a compressive strain, and a h 
will act as a strut. 

Let e d represent a bar on 
which a force acts in the direc- 
tion of the arrow at c, then the ^^ ^ 



Fig. 6. 



i^ 




strain on c d will be in tension, ^ 
and e d will act as a tie. I 

Let tf /, e ghe two rafters sup- i 
ported on abutments / and y, 
and meeting at the point e, 11 
a force act at e downwards, as 
shown by the arrow A, the 
rafters e f, e g will be in com- 
pression, but if the force act upwards, as shown by the 
arrow t, they will be in tension ; in the former case they 
will do duty as struts^ in the latter as ties. 

For general guidance the following five rules may be 
laid down in order to prevent any confusion of ideas on 
this very important subject : — 

EULES. 

1. If a force act on a bar in a direction towards the point of 
support of the bar, the strain on the bar 'will be compressiye, and 
the bar will be a strut. 

2. If a force act on a bar in a direction away from the point of 
support of the bar, the strain on the bar will be tensHe, and the bar 
will be a tie. 

3. If a force is sustained by two bars, and acts between them 

o 1 
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and towards their points of support, tliose banr act as struts and 
are in compression. 

4. If a force is sustained by two bars, and its direction is from 
the points of support, but between the lines formed by producing 
the bars (as e k and/ /, Fig. 6), the strains are tensile, and the bars 
are ties. 

5. If a force is sustained by two bars, and its direction lies 
between one bar and the prolongation of the other (as between /^ 
and e ky Fig. 6), one bar will be in tension, the other in compres- 
sion, that bar being in compression towards the point of support of 
which the force is acting, and the other bar being in tension. 

If these rules be once thoroughly considered and under- 
stood, there canbe no subsequent difficulty in determining 
the nature of the strain on any part of a structure when 
the position of the load or force is known. 

Having given criteria for determining the nature of 
strains, and also the general and special rules for finding 
their intensities when produced by forces inclined to the 
elements which sustain them, we will now pass on to 
consider the results of loads producing transverse strain. 

Those elements which are subject to transverse strain 
may be classed imder two heads : — 

1st. Cantilevers, which are supported at one end. 

2nd. Beams or girders, which are suppor^^ed at both 
ends. 

Let^ j5, Fig. 7, represent a mi 

side view of a cantilever fixed . ^* 



at ^ to a wall or pier, the end | £ 



view or cross section of this I 
cantilever being shown at C, 
It consists of two flanges, e and aas—ssaas 

/, united by a central web, y, ^ 

this being the ordinary section ^ 

of flanged girders and canti- e^s^sssgi 



A 
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levers. Let it be required to determine the strain on 
either flange at any point, d, the distance of which from 
the end A being known, as also the depth of the section. 
The strain on the top flange will be tensile, that on the 
bottom compressive. 

First find the strain due to a weight suspended from 
the end A of the cantilever. 

Kx7LB (3). The strain is equal to the weight at the end of the 
cantilever multiplied by the distance of the point at which 
the strain is required, from the end of the cantilever in feet, 
and divided by the depth of cantilever in feet. The strain 
will be in terms of the same name as the weight. 

Example: — Let the weight be 5 tons, the depth of 
the cantilever 1 foot 6 inches, and the distance of the 
point at which the strain is required from the free end 
11 feet :— 

1 1 feet distance of point of strain, \ 

5 tons' weight, 



Depth of cantilever, — 1'5)55-0( 36*66 tons' strain 

45 on either flange. 

100 
90 

10 

This will be tensile on the top flange and compressive 
on the bottom. 

The geatest strain upon the flanges will be at the end 
B of the cantilever, which is at a distance from the free 
end equal to the length of the cantilever. Let the 
length of the cantilever be 18 feet, the other quan- 
tities remaining as before, then the maximum strains 
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on the flanges at the point of support will be thus 

found : — 

18 feet distance of point of strain, 

5 tons* weight 

Depth of cantilever - 1*5 )90'0( 60 tons' strain on 

90 either flange. 

~^ 

Next, let the strain be due to a weight or load 
uniformly distributed along the whole length of the 
cantilever, then we have 

RxTLB (4). The strain is equal to the weight per foot multiplied by 
the square of the distance of the point of strain in feet from, 
the free end of the cantileyer, and divided by twice the depth 
of cantilever in feet. The strain, will be in terms of the same 
name as the weight. 

Let the distance of the point at which the strain is 

required from the free end of the cantilever be 7 feet, 

the depth of the cantilever 1 foot 3 inches, and the load 

1,500 lbs. per lineal foot of length of cantilever : — 

7 feet distance of point 
of strain, 

7 ditto ditto 



49 square of distance of 
point of strain, 

1500 lbs.' weight per foot. 
Depth of cantilever - 1*25 o^cqq 



2 49 



2-5 ) 73500-0 ( 29400 lbs. strain 
50 on either flange. 

235 
225 

100 
100 

00 



TO BUILDING STETJCTTJEES. 



81 



As in the last case, the maximum strain occurs at that 
point where the distance is equal to the whole length of 
the girder, which occurs at the point of support. 

It sometimes happens that a cantilever has to carry 
both descriptions of load at once — that is, both a load 
at the free extremity and a load uniformly distributed 
over its entire length. In this case, calculate the 
strains produced by each load separately, and add them 
together for the total strain on the flange. 

The demonstration of the rules given above is as 
follows :— 



Fig. 8. 



I 



<. 1"^. > 



2 ! 



W 



ftT Ft 






w 






Let A -ff, Fig. 8, represent a cantilever fixed at the 
end ^ in a wally and free at the other end, and sup- 
porting at its free end a 
weight W, Let I = total 
length of cantilever from its 
free end to its point of fix- 
ture, and A = depth of canti- ^\ 
lever. It is required to find 
the strain at any point, w, in 
(say) the top flange^ distant E| 
z from the point A. 

"We may regard the part of 
the cantilever Amn^j^du bent 
lever in equilihrio, m being the fulcrum, the weight 
acting at the extremity A of the arm A w, and the re- 
sistance of the flange acting at the end n of the arm 
n m. That equilibrium may be maintained the resist- 
ance of the flange must be equal to the strain to which 
it is subjected ; hence let B = this strain, then, by the 
principles of the lever, 

S y. mn =^ JF x Am 
buty 

m n = d and A m s^ x 



A 
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whereforOi 

8 .d= JFx 
and 

JFof 



8 = 



d 



By putting wliich equation into words is obtained the 
practical rule (as above) following : — 

BuLE. The strain is equal to the weight at the end of the canti- 
lever multiplied by the distance of the point at which the 
strain is required from the end of the cantileyer in feeti and 
divided by the depth of the cantilever in feet. 

To ascertain the formula for the maximum strain, 
make the distance of the point of strain equal to the 
length of the cantUeyer, then 

wherefore, replacing x in the above equation, 

There is no strain at the free end A, f or if ^ = o, 

W 

8 =~-X0=:0 

Next, let C B (Fig. 8) illustrate a cantilever loaded 
with a weight uniformly distributed over its length. 
It is required to find the strain on (say) the top flange 
at the point », distant x from the free end C> 

Let I = length of cantilever 
d = depth of „ 
%D = load per lineal imit. 

The weight acting to produce a strain at n will be that 
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lying between n and C7, the total weight of which evi- 
dently is 

= «? a? 

but this may be considered as collected at its centre of 
gravity, which is situated midway between m and C; 
hence, regarding C m n blb a bent lever, we have the 
weight to X acting in the centre of the arm C tn, pro- 
ducing a strain at the end of the arm m n on the flange 
at n, hence, by the laws of the lever, calling S = strain 
on flange, 



but. 



wherefore, 



and 



Cm a . 
IV X X — r— = o X m « 



C m ^=i X and mn =: d 



S.d=^ 



^ to X^ 

/8f = 



2d 
from which formula is obtained the practical rule : — 

BvLE. The strain is equal to the weight per foot multiplied by 
the square of the distance of the point of strain in feet from 
the free end of the cantileyer, and divided by twice the depth 
of cantilever in feet. 

For the maximum strain at the point of support, 
putting a? = ?, we have 

2d 
The next cases of transverse strain to be da«lt''»n;^ 



84 THE APPLICATION OF IKON 

are those referring to beams supported at both ends and 
loaded between the points of support. 

There will be three cases for consideration, as 
follows: — 

1st. A beam loaded in the ^. ^ 
centre of its span, as at ^ 

AB. ^Nj 

2nd. A beam loaded at a ^ 






^ 



I 



r 



point not central, as at C D. 

3rd. A beam having the _. 
load Tiniformly distributed 
over its length, as at E F, 

In the first and third cases p 
the maximum strain on either "^ 
flange is at the centre of the 
span, but in the second it is immediately imder the 
load, wherever that may be. We shall deal with the 
first case first. 

KuLE (5). To find the strain on either flange at the centre multiply 
the weight by the span (or distance between points of sup- 
port), and divide the product by four times the depth of tho 
beam. The strain will be in terms of the same name as tho 
weight. 

Example: — ^Let the weight be 7-5 tons, the span of 
the beam 12 feet, and. its depth 1 foot 3 inches. 

Depth of beam - 1*25 7 '5 tons weight, 

4 12 feet span, 

5 ) 90- 



1 8 tons' strain on eithe r 
""^*' flange at centre. 



To determine the strain at any other point than the 
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centre on either flange, we must proceed as fol- 
lows : — 

Rule (6). To find the strain on either flange at any point, due to 
a central load, multiply the load by the distance of such point 
from the nearest pier or point of support, and divide by twice 
the depth of the beam. The strain will be in terms of the same 
name as the weight. 

detaining the notations of the last case, let it be 
required to determine the strain at a distance of 4 feet 
from one of the piers. 

Depth of beam - 1*25 7*6 tons, 

2 4 ft. distance of point, 

2-5 )30-0( 12 tons' strain on 
25 either flange. 

50 
50 



Beams supported at each end and loaded between the 
points of support, have their top flanges in compression 
and their lower flanges in tension, this being just the 
reverse of what is observed in the case of a cantflever 
fixed at one end and free at the other. 

Proceeding to the second case, it is required to deter- 
mine the strain on either flange at a point immediately 
imder the weight or load W, 

EuLE (7). To find the strain on either flange under the load, mul- 
tiply the load by its distance in feet from the fSaxthest pier 
{C)y multiply the product by its distance in feet from the 
nearest pier, and divide this product by the span of the beam 
in feet and by its depth in feet. The strain will be in terms of 
the same name as the load. 

Example : — ^Let the span of the beam be 10 feet, its 
depth 1 foot 6 inches, the load 4 tbns, and. \"e>\. \X\aVi^^ 
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be placed 3 feet from the nearest point of support, then 
will it be 7 feet from the farthest pier. 

4 tons' load 

7 feet distance from pier C^ 



Span of beam- 10 28 

Depth of beam 1*5 3 feet distance from i), 

15 )84( 5 A tons' strain on either 
75 flange. 



It is next required to find in this second case the 
strain at any point not immediately under the load, such 
as at! c» 

BuLE (8). To find the strain at any point on either flange, such 
point lying between the weight and one pier, mnltiply the 
weight hy its distance from the other pier in feet, multiply the 
product by the distance of the point of strain in feet from that 
pier which is on the opposite side of it to that occupied by 
the weight, and divide this product by the span of the beam in 
feet and by its depth in feet. The strain will be in terms of the 
same name as the load. 

Example: — Eetaining the notations above, let the 
strain be required at a point distant 4 feet from the pier 
farthest from the weight. 

4 tons' weight, 

3 feet distance from pier, 

Span of beajii - - 10 12 [opposite pier, 

Depth of beam - 1*5 4 feet distance of point from 

15 )48( 3J tons' strain on either 
45 flange. 
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In the third case- the load is uniformly distributed 
over the girder or beam E F. To find the strain in the 
Centre we have 

Bulb (9). To find the strain on either flange at the centre, mul- 
tiply the total load on the beam by the span of beam in feet, 
and divide the product by eight times the depth of the beam 
in feet. The strain will be in terms of the same name as the 
load. 

Example : — ^Let the span of the beam be 50 feet, the 
total distributed load 75 tons, and the depth of the beam 
4 feet. 

Depth of beam- 4 75 tons total load, 

8 50 feet span of beam, 

32 )3750( 117 ft tons' strain on 
32 either fiange at centre. 

55 
32 



230 
224 



Now let it be required to determine the strain under 
an uniformly distributed load at any other point. 

KuLS (10). To find the strain on either flange at any point, mul- 
tiply the span of the girder in feet by the distance in feet of 
the nearest point of support ; from the product subtract the 
square of the distance in feet of the nearest support, and mul- 
tiply the remainder by the load per foot, and divide by twice 
the depth of the beam in feet. The strain will be in terms of 
the same name as the load. 

With the previous notations, let it be required to 
determine the strain on. either flange at a point distant 
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12 feet from the nearest pier. As the total load is 
75 tons, and this load is uniformly distributed over a 
distance of 50 feet span, it follows that the load per 
lineal foot will be 1*5 tons ; from this we can obtain the 
required strain. 

12 ft. distance of nearest pier, 50 span, 
12 ffc. „ „ „ 12 feet distance of 

liTsquapeof dist. „ „ "eOO [nearest pier, 

144 square of dist. of 
456 [nearest pier, 

1 '5 tons' load per ft.. 



Depth of beam - 4 2280 

2 456 



8 ) 684-0 



85*5 tons' strain on 
either flange. 

If a girder supported at both ends, subject to two or 
more loads differently arranged, let the effect of each 
load on any point at which the strain is required be 
separately determined, and then those effects added 
together to find the total strain on the flange ; then the 
foregoing rules will serve to solve any case that may 
arise. These practical rules, however, we must now 
proceed to demonstrate. 

In the first case we have a beam loaded in the centre 
with a weight TF. Let, in all three cases, I = span and 
d = depth of beam, and S = the strain on the 
flange. 

Because TT, the weight, is situated at equal dis- 
tances between the points of support A and B, each 
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pier will sustain one-lialf of the weight ; but as action 
and reaction must be equal and opposite, in order to 
satisfy the condition of equilibrium, each pier must 
react upwards in the direction 
of the arrow, with a force 
equal to the pressure upon 
it, hence the reaction of the 
pier will be 

"■ 2 



B 



D 



Fig. 10. 



'e 



tr 



M 



® 



,«-?<-» 



n' 



*i 



^ 



^ 



-H-) 



iir 



w 



F 



<-- 



1 

M 



-»«— * 



^5? 



Let the strain be required 

on the flange at the point n, 

distant x from the pier A, then, regarding Awln^B&o, 

bent lever, we find the reaction at the end of the arm 

A 

hence 



m! exerting a strain at the end n of the arm m n 



8 X m! n' 



= -— X Aw: 



but. 



wherefore, 



wl ri -=. d and Aw!z=ix 



8.dz=i 



Wx 



and 



8 = 



Wx 
2d 



whence is derived the practical rule, thus : — 

Rttle. To find the strain on either flange at any point due to the 
central load, multiply the load by the distance of such point 
from the nearest pier or point of support, and divide by twice 
the depth of the beam. 
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In order to ascertain tlie strain at tlie centre of 
the span on either flange from the above formula^ 
make 

^ "" 2 
then we And 



S=z 



4 d 

giving the following rule : — 

Rule. To find the strain on either flange at the centre, multiply 
weight by the span (or distance between points of support), 
and divide the product by four times the depth of the beam. 

In treating analytically the second case C D, let it be 
required to determine the strain on either flange at any 
point n' distant x from the pier C, the weight W being 
distant y &om the pier D, The reaction of the pier C 
must first be determined ; it will be equal to the weight 
upon it. Begarding C D as a. lever on which the force 
is applied at TT, the falcrum being at i), the weight on 
(7willbe 

I 

and this will represent the amount of reaction which, 
acting at the extremity C of the imaginary bent lever 
C m' n'j produces a strain at n on the flange ; we have^ 
therefore, 

8 X m'n' = ^j^ X Cm 

but, 

ni ri •=. d and C »»' = a? 



wlierefore, 



and 
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Id 

Whence is derived the rule : — 

KuLE. To find the strain at any point on either flange, snch point 
lying between the weight and one pier, multiply the weight 
by its distance from the other pier in feet, multiply the pro- 
duct by the distance of the point of strain in feet from that 
pier which is on the opposite side of it to that occupied by the 
weight, and divide this product by the span of the beam in 
feet and by its depth in feet. 

To determine the rule for the strain directly under the 
weight, let 

a? = / — y 

then, &om the former equation, 

_ Wj^ _ wy 

'^ d Id 

From equation {a) is found the rule : — 

KxTLE. To find the strain on either flange imder the load, multiply 
the load by its distance in feet frx)m the farthest pier, multiply 
the product by its distance in feet from the nearest pier, and 
divide this product by the span of the beam in feet and by its 
depth in feet. 

The third case, shown at U F (Fig. 10), is that of a 
beam uniformly loaded throughout its length. Let the 
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load be to per lineal foot, and let tlie strain on either 
flange be required at a point distant x from one of the 
piers -E*. The whole weight on the beam is evidently 
equal to the weight per foot multiplied by the span of 
the beam, or 

= iff . I 

and, as this is symmetrically disposed, it will be borne 
equally by the two piers JE and F; hence the reaction 
of either pier will be 

to , I . 

2 

The load between n and the end JE of the beam is 

= to X Em =. w , X 

and this may be regarded as collected at its centre 
of gravity, that is, mid- way between E and n ; hence 
this weight acts downwa/rda (notice the direction) at the 
centre of the arm C m, producing a strain at n. 

Cm 



2 



m ,n 
but 

C m =z X and m . n => d 

hence the above 

to a^ 

"" 2d 

Again, the reaction of the pier acts upwa/rdi at the 
end jE* of the arm E m, producing a strain at n^ 

to I Cm 

X 



2 m, n 

tol X 

"■ Td 
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but as these two forces act in opposite directions, one 
must be deducted £rom the other to £biid the actual 
strain at n, then 

iV I X iff x^ 



8 = 



2d 2d 

iff 



- 2d {^^-**} 

Putting this equation into words, we have 

Bulb. To find the strain on either flange at any point, multiply 
the span of the girder in feet by the distance in feet of the 
nearest point of support ; from the product subtract the square 
of the distance in feet of the nearest support, and multiply the 
remainder by the load per foot, and divide by twice the depth 
of the beam in feet. 

For the formula for the strain at the centre, make 

a? = — , then 

"^Td Yd Sd 

but w I =i the total load distributed over the girder ; let 
this be called = TT, then 



8=1 



Sd 



From this formula is derived the practical rule for 
determining the strain at the centre of either flange, 
which is as follows : — 

BuLE. To find the straia on either flange at the centre, multiply 
the total load on the beam by the span of beam in feet, and 
divide the product by eight times the depth of the beam 
in feet. 

This completes the demonstration of the rules for 
determining the strains upon the flanges of flanged 



( 
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cantilevers and beams of the section generally shown at 
C in Fig. 7 ; but hitherto we have not taken into consi- 
-deration the duty which devolves upon the central part 
or web connecting the flanges. 

Generally, it may be assumed in flanged beams that 
the web sustains the weight of the load, the flanges 
serving to keep the web extended, for which reason 
they have by some been termed " booms." The strain 
on the web will be simply a shearing strain acting 
vertically, and the amount of this strain will in the 
foregoing cases be evidently found by the following 
rules: — 

EuLE (11). The shearing strain on the web of a cantilever sup- 
porting a weight at its extremity will throughout be equal to 
the amount of weight so supported. 

BuLE (12). The shearing strain on the web of a cantilever carry- 
ing a uniformly distributed weight will at any point be found 
by multiplying the weight per foot lineal by the distance of 
such point from the free end of the cantilever in feet. 

Example: — The shearing strain is required to be 
found at a point distant 7 feet from the free end of a 
•cantilever carrying 1,200 lbs. per lineal foot : — 

1200 lbs.' load per lineal foot, 

7 feet distance of point of strain, 

8400 lbs.' shearing force required. 

Bulb (13). In the web of a beam supported at both ends and 
loaded in the centre, the shearing force is throughout equal to 
one-half of the central load, 

BvLE (14). In the web of a beam supported at both ends and 
loaded imiformly, the shearing strain at any point is foimd by 
multiplying the load per foot by the distance of such point in 
feet 'from the centre of the span. 
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Example : — ^Required the shearing strain of the web 
of a beam carrying 1-5 tons per foot at a distance of 
8 feet from the centre of the span . — 

1*5 tons' load per lineal foot, 
8 feet distance of point of strain. 



12'0 tons' shearing force required. 

BuLE (15). In the web of a beam carrying a concentrated load not 
in the centre of span, the shearing force throughout on on& 
side of the load will be found by multiplying the load by its 
distance in feet from the point of support on the other side of 
the load, and dividing the product by the span of the beam in 
feet. 

Example: — ^Let a beam of 20 feet span support a 
weight of 4 tons at a distance of 16 feet from one point 
of support, then the shearing strain throughout the 
16 feet of web will be thus found : — 

4 tons' load, 
4 feet distance. 



Span of beam- 20 )16'0( 0-8 tons' shearing strain. 

160 



and the strain on the remaining 4 feet of web thus :— 

4 tons' load, 
15 feet distance. 

Span of beam- 20)64 ( 3*2 tons' shearing force^ 

60 



40 
40 



The following rules will serve to find the resistance of 
solid rectangular bars to transverse strain : — 
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Rule (16). To find the resistance in pounds of a rectangular bar 
fixed at one end and loaded at the other, multiply the breadth 
in inches by the square of the depth in inches by a con- 
stant MULTiPLiBB, (found by experiment), and divide by the 
length of bar in inches. 

Example : — ^Let the resistance of a bar 20 inclies long, 
1*5 inclies wide, and 2 inclies deep, be required, the 
mtdtiplier tor the material of which it is composed being 
8000 :— 

1*5 inches' breadth, 
4 square of depth, 

60 
8000 multiplier, 



Length of bar - 2^0 ) 4800^0*0 



2400 lbs.' resistance of bar. 



EULES. 

1. The dimensions being the same, a cantilever with the weight 
distributed uniformly over it will bear twice the weight. 

2. If the bar be supported at both ends, and have a central load, 
it will bear four times the weight. 

3. If the bar be supported at both ends and imiformly loaded, it 
will bear eight times the weight. 

{ITote). — ^The above constant would give the breaking 
strain of the beam if made of cast-iron. 

From these rules it will be seen that the law of the 
resistance oisoUdhaxs to transverse strain is as follows : — 

Law. The resistance of a solid beam to transverse strain, the span 
and conditions of supports and load being unaltered, varies 
directly as the breadth of the beam and as the square of the 
depth of the beam. 

, If two beams of equal size be put side by side, it is 
evident they will support twice the load that one of 
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them alone would ; but using two bars is equivalent to 
doubling the width of one, hence it is clear that the 
strength of the bar varies as its breadth. 

Let A B (Fig. 11) represent a solid bar supposed to 
consist of a number of layers, and a h one arm of the 
assumed bent lever, referred to in previous demonstra- 
tions, in the arm h d may be found a point c at which 
the resisting efforts of all the JP' ii 

fibres may be supposed to be g ' ^ 

centred, and this will always ^^^^= 
bear a certain relation to the ^B 
whole depth of the beam; ^^^= 
hence, if the bar is increased r------s. 



by layers, shown by the dot- z^fiEzJEHi. 
ted lines (but the whole being v:^=^^^ 
solidf not in separate layers) 



the length to this centre of ^=^--=="-- 
resistances will increase from 

b cto h e, varying as the depth of the bar. Again, by 
increasing the depth of the bar, we also, in like propor- 
tion, increase the number of layers of resisting fibres ; 
hence thus also increase the strength. Thus, by in- 
creasing the depth of the bar, we increase the number of 
resisting fibres as the depth, and increase their mean 
leverage as the depth; wherefore it is found that the 
strengtKof the bar varies as the square of its depth, and thus 
the accuracy of the law is proved. There is another 
law to be mentioned in connection with rectangular 
bars ; it is this : — 

Law. All other things being unaltered, the strength of the bar 
varies inversely as its length. 

This is evident, for as the length of the bar varies so 
does the length of the arm a b of the assumed levre 
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upon whicli the load acts vary, and the greater the 
leverage of the load the less will be the amount of load 
which the bar is capable of sustaining. 

Having thus dLs^osed of the strains upon straight 
beams, we must now proceed to treat of the effects of 
distributed load upon arches and chains. The intensity 
of the load will in both cases be determined by the 
same rules, the difference between the two being that 
the upright arch is in compression, but the inverted arch 
or chain is in tension. 

Let A j5, rig. 12, repre- 
sent an arch carrying an 
uniformly distributed load 
upon the platform over it. 
ui j5 is the span, and d e 
the "rise" or "versine" of 
the arch. It is required 
to find the thrust at the 
centre or crown of the arch. 

Rule (17). Multiply the load per lineal foot by the square of the 
span of the arch in feet, and divide the product by eight times 
the yersine of the arch in feet. 

Example : — ^Let the arch be 240 feet span, its versine 

30 feet, and the load per lineal foot 5 tons : — 

240 feet span, 
240 




cr^ 



9600 
480 



Versine of arch 30 67600 square of span, 

8 5 tons' load per lineal foot, 

240 )288000( 1200 tons' thrust at crown 
240 of arch. 

480 • 
480 

00 
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It is now requisite to determine the thrust at any 
other point, e, lying vertically under the point /. 

Rule (18). To find the thrust at any other point than the crown, 
multiply the load per lineal foot by the distance of such 
point from the crown, square the product, and add to it the 
square of the thrust at the crown, then the square root of the 
sum will be the thrust at the point referred. 

{Note, — ^This rule will of course give the thrust at the 
abutment by taking the point at a distance of half the 
span from the crown of the arch.) 

Example : — ^Let the thrust be required in the case of 

the above arch at a distance of 40 feet from the crown 

or centre :— 

1200 tons' thrust at 
1200 [crown. 

1440000 



5 tons' load per lineal foot, 
40 feet distance of point, 



200 
200 

40000 
1440000 square of thrust at crown, 



1 )1480000(1216 tons' thrust at point (nearly). 
1 

•J.2 ) 48 
44 

211 ) 400 
241 



# • mm 



2426 )15900 
14556 



1344 



After what has already been shown in previous pages, 
the demonstration of these rules will bo comparatively 
simple. 

D 
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Let C B (Fig. 12) represent the outline of an arch 
having a span C D = I, and a versine k g z= v; let the 
load per lineal unit = «r, the thrust at centre = T, and 
the thrust at any point distant x from the centre = 8 : 
— ^As the arch is uniformly loaded throughout its 
length, the actual weight or vertical reaction on each 
xjier will be half the total load, or 

wl 

and regarding (7 A; ^ as an imaginary bent lever, this 
force will act with the leverage C X-, producing a thrust 
at the end g of the arm Jc g ; hence the thrust on the 
crown of the arch will be the same as that at the centre 
of the top flange of a flanged beajn having a span equal 
to that of the arch and a depth equal to its versine, 
therefore 

JThe thrust at any point e is the resultant of two forces 
acting at right angles to each other, the one being the 
horizontal thrust above given, the other the vertical 
weight of the load between h and g. Let h m and h e 
represent these two forces, then, according to the paral- 
lelogram of forces, m e will be the resultant strain. But 
because e h m is a right-angled triangle (Euc, Bk. 1, 
prop. 47)— 



em =z e h -{- A i» 
but, 

eh = to X 
and 

A ;w = —- — , e m =z S 
Sv 
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hence 



S^ 



=(»«)=+ (^) 



From equation {h) we have the rule for the strain at 
tlio centre : — 

BuLE. Multiply the load per lineal foot by the square of the span 
of the arcli in feet, and divide the product by eight times the 
versino of the arch in feet. 

From equation (c) the rule is found for the strain at 
any other point 

liuLE. To find the thrust at any other point than the crown, mul- 
tiply the load per lineal foot by the distance of such point 
from the crown, square the product, and add to it the square 
of the thrust at the crown, then the square root of the sum 
will be the thrust at the point referred to. 



CHAPTEU ni. 

COMBINATIONS OP ELEMENTS AND DISTEIBUTION OF LOADS. 

In the preceding chapter we have shown how to calcu- 
late the strains on various kinds of elements when the 
loads or forces by which such strains are caused are 
known ; in the present we intend treating of the distri- 
bution of loads due to certain combinations of elements, 
as preliminary to explaining the modes of proportioning 
complex structures according to the weights they are 
designed to sustain. In order to make clear the mode 

D 2 
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of determining the distribution of loads, a number of 
generio cases will be taken, and dealt with seriatim. 
The rules referred to for ascertaining the strains being 
given in Chapter II., they will here be indicated by 
numbers corresponding to those in brackets following 
the word rule in the previous chapter, thus : ** Eule (2) 
To find, &c." 

Fig. 13 represents the simplest form of truss, consist- 
ing of a horizontal member a h trussed by two tension- 




rods a dj h dy attached at their lower ends to a strut c d 
placed in the centre of the truss. 

If the load be placed at the centre, its whole weight 
will be on c d, and as half its weight will be trans- 
mitted to a and half to J, the load for each tie-rod will 
be one half the central weight. 

If the load be uniformly distributed over the distance 
a J, one half will be on a c and one half on c h, and of 
that portion on a c one half (one quarter of the whole 
load) will be sustained at the point a, and the other at 
€ ; and in like manner one half of the load on c h will 
be supported at h, and the other at c ; hence on 
the strut e dwe have half of the loads on a c^ c i, that 
is, half the whole load on the truss, and this being 
divided between the tie-bars a d, d h, gives one quarter 
the whole load to be carried by each tie-rod. 

Let the lengths he, ah = 32 feet, t? <? = 4 feet, and 
h d =: 16*5 feet, the load 600 lbs., then c d wiU repre- 
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sent the "perpendicular distance" of the bar b d, 
hence the strain on the latter will be thus found by- 
Rule (1):~ 



The load on tie-rod is 



4)600 



150 lbs/ load, 

16-5 ft. length of bar. 



750 
900 
150 



Perpendicular distance - 4 ) 2475 



618*75 lbs.' tension on 
'~ [each tie-bar. 

The parts a e and e h act as horizontal members to £x 
the positions of the ends a and h of the tie-rods, hence 
the load on J ^ must be resolved for the direction of the 
element c h, the length of which (half 32 feet) is 
16 feet, which is also equal to the horizontal distance of 
the bar b d. The thrust on c J is found by Rule (2) : — 

150 lbs.' load, 

16 feet " horizontal 

900 distance." 

150 



Perpendicular distance - 4 ) 2400 



600 lbs.' thrust on hori- 
zontal member rt i- 



If this truss were inverted so as to represent the 
main principal of a roof, and loaded to the same extent 
as here suj)posed, the intensity of the strains would 
remain the same as given herein, but the bars a d, d b, 
would be in compression and a b in tension ; and if the 
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truss were loaded on its straight member, the rod e d 
would be in tension. 

The truss shown in Fig. 14 is somewhat similar to the 
above. Let it be supposed to cany a distributed load, 

Fig. 14. 

CL^ (C- c/ . i 



e ^ 

then the load upon the strut d f will be equal to half 
the load between d and i, plus half the load between 
c and d, or equal to one half the load between c and I, 
and this load has to be sustained by the inclined bar 
fh (Rule 1), kept in its position by the two horizontal 
elements d h and «/, both of which bear an equal stradn 
(Eule 2), but the top member is in compression and the 
bottom one in tension. 

This truss is sometimes used in an inverted position 
for roof principals, and also for bridging narrow streams. 

It is evident, from what has already been shown, that 
when a structure is of Efynmietrical form about its centre, 
and is also similarly loaded on each side of its centre, that 
the strains are similar ; hence, in many cases, it is only 
necessary to calculate the strains for one half of the work. 

Fig. 15 illustrates a form of compound truss, of which 
a g h is called the primary truss, and a f d, d h h. 

Fig. 15. 

cf g _ . 6 



^ 




secondary trusses. The horizontal member a I is 
divided into four equal parts by the struts at c^ d, and e, 
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hence, if the load be uniformly distributed over it, there 
will be one quarter of the load sustained at each of the 
three struts, and one-eighth of the load direct at each 
of the points a and 3. 

We will now proceed to calculate the strains. 
Let the length <? i = 64 feet, and the various bars be 
of the.following lengths : — 

d ff = S feet 
c f , ox e h =2 4 feet 
a g y OT g h = 33 feet 
af,oxfd\ __ le.cfggf 

a c , or c d) i«p , 
^^^^ ^ Af = 16 feet 
a e y ov e ) 

a d ov dh = S2 feet 

We must commence with the secondary truss, as a 
part of the weight carried by it is transmitted through 
the primary truss to the points of support a and h. Let 
the total load on the whole truss be 24,000 lbs., then 
the load on the strut o for eh, will be 6,000, and that 
for each tie-bar 

2 ) 6000 

3000 lbs.' load onaforfd. 



The strain due to this load on the bars afyfd, d h, h h, 
must now be found by Eule (1) : — 

3000 lbs.' load, 

16*5 feet length of bar. 

Perpendicular distance, 4 ) 49500*0 

12375 lbs.' tension on each 
^====' , tie-bar. 



56 THE APPLICATION OF IBON 

Proceeding to the primary truss, the load on tte strut 
d^ is composed of three quantities, the load acting 
simply at dy and the portions of the loads transmitted 
from c and e, through the bars / d and d A, being half of 
each of these loads, hence ond^vro have 

6000 lbs.' load at <?, 
3000 lbs ' „ from p, 
3000 lbs.* „ „ tf, 



12000 total load. 

From this the strains on y a, ^ h, due to the load at 
d ff, are found, half the load, or 6,000 lbs., being on 
each. 

6000 lbs.' load, 

33 ft. length of bar. 



Perpendicular distance - 8)198000 



24750 lbs.' strain on bars 

^^=^ g a and g h, ^ 



This will be the amount of strain on the parts g f and 
g h of the bars g a and g J, but the parts fa,hb will, 
in addition, have the strains due to the loads on c and «, 
hence the total strain will be 

12375 lbs. from load c, 
24750 lbs. on „ d g, 

37125 total tension on f a or h b. 



It now remains to determine the thrust on the 
horizontal member a h; it will be the sum of 
the thrusts brought upon it by the load on c f 
acting through a /, and on ^ ^ acting through g a. 
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The load transmitted through a / is 3000 ILs. ; hence, 
by Eule (2), 

8000 lbs.' load, 

1 6 feet * * horizontal 

Perpendicular distance - - 4 ) 48000 [distance." 

12000 lbs.' thrust due to 
' ' load on af» 



The load transmitted through ^ a is 6000 lbs., hence 

6000 lbs.' load, 
Perpendicular 32 feet " horizontal distance." 

distance- - - 8 ) 192000 



24000 lbs.' thrustdue to loadon^/, 
12000 lbs.' „ „ „ fl/. 



36000 lbs.' total thrust on a h. 



Frequently two inclined trusses are put together to 
form a main principal for a roof, a half principal thus 
formed is shown in Fig. 16. -4 i <? is a simple truss 
placed at an angle to 

the horizon, and at ■^^^' ^^' 

the point J, meet- ^J 

ing another similar 
truss (not shown), 

which completes the ^ — *'**'^ ^^^ c 

roof principal, the 
two trusses are pre- 
vented from separating under tho load by tho tic-bar 
d e, which takes the thrust at the abutments. 

From the point Cy Fig. 17, draw the vertical line c g, 
and, from the point (f, the horizontal line d It, meeting 
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epathj then (? A is the ** perpendicular distance " of the 

inclined strut e d the strain upon the strut can now 

be calculated from Bule (1), 

and that done, the strains on 

the tie-bars can be calculated 

precisely as in the case of 

the simple horizontal truss; 

hut the strain on the strut 

must be substituted for the 

load on the same. 

There yet remains the tension on the rod d e, Fig. 16, 
or e i, Fig. 17, to be considered. In this case half of the 
weight on the raffcer ^ / is to be taken as load for the 
thrust at e, and this load resolved into strain on e i, as the 
horizontal memberfixing the position of the inclined mem- 
ber at the point e by Eule (2). The length e i is the * * hori- 
zontal distance," and/* is the perpendicular distance. 

The foregoing cases will serve to explain the method 
of ascertaining the distribution of loads in all cases of 
trusses of the types referred to, for it matters not how 
complicated a truss may be, the method pursued in de- 
termining the loads and strains is the same, and may be 
generally stated in the following rule. 

Bule. In determining the strains on a compound truss, always 
begin with the smallest or last truss, and work from that to 
the main or primary truss. 

Fig. 18 shows the arrangement of bars in a warren 

Fig. 18. 
Zed 



% 
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girder, in which they form a series of equilateral or 
equal-sided triangles. 
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. In this case, the load being equally distributed over 
the girder, it may be considered as divided into as 
many equal parts as there are triangles in the girder ; 
in the case illustrated these will be seven in number. 
The dotted line d n indicates the centre of the span of 
the girder ; of the load at d one half passes to each pier, 
but the whole of the loads on c h and a pass to the pier 
/, the other point of support bearing the corresponding 
weights on the summits of the triangles on that side of 
the central line d n. 

In this arrangement the length of the inclined bars 
to their perpendicular .distances does not vary, because 
the bars are all of one length, and the perpendicular dis- 
tance is always equal to the depth of the girder, which 
is the same throughout ; hence the ratio of the strain to 
the load will be the same throughout the girder — that 
is, the strains of the inclined bars will vary in the 
same ratio as the loads by which they are produced. 
The load at d wiU (one half of it) produce a compressive 
strain at d m, and that will produce a tensile strain on 
m c, whence the strain on ^ / will be compressive, and 
so forth ; hence the following rule will 'determine 
the nature of the strains on the bars of lattice or 
triangular girders. 

ItULE. All bars inclining downwards from the loads towards tlio 
points of support are struts, and bars incUnod in the oppositcr 
direction, or awai/ from the points of support towards tho 
centre or poiat of load, are ties. 

Let the total load on the girder be 70 tons, then tho 

load on the apex of each triangle at the points a, b, c, 

&c., will be 

7 ) 70 tons' total load. 

10 tons' load on a, 5, c, &c. 
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Tho load on the bar d w will be 5 tons, that on e I 
will be 5 tons transmitted from d tc through m r, and in 
addition 10 tons, the load on c making 15 tons, and in 
like manner the loads on h and a will be 25 tons and 
35 tons. 

The load on the bars being determined, it remains 
therefrom to deduce the strain caused by such load. 
Wo will take a case where the proportions are such as 
are found in tho Warren girder. 

Let the length of the bars be 10 feet and the depth 
of the girder or perpendicular distance be 8 feet 8 inches, 
then the strain on the bar c I will be thus found by 
Eule(l):— 

15 tons' load. 
Depth of girder, or 10 feet length of bar. 

Perpen. distance, 8-66 )15000( 17'3 tons' strain (nearly). 

866 



6340 
6062 



2780 
2598 

182 



And in a similar manner the strains of the other bars 
may bo determined. The general rule will be as 
follows : — 

liULB (19). To find the strain on any lattice bar, multiply tho 
load upon it by the length of such bar in feet, and divide by 
the depth of the girder in feet. 

And if the total load on the girder be equally dis- 



I 
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tributed, and the load on the summit of each triangle be 
given : 

HuLE (20). To find the strain on any strut and its following tic, 
mnltiply the load on one summit by the number of triangles 
included between the strut and the centre of the girder, and by 
the length in feet of the bar, and divide by the depth of the 
girder. 

Example : — Let it be required to determine the strain 
on the strut e I, There are one-and-a-half triangles 
between it and the central line, / e m being one and 
m d n the half, hence the load per summit being 
10 tons : — 

10 tons' load per summit, 
1 -5 number of triangles, 



10 feet length of bar. 



Depth ofgirder-8'66) 150-00 ( 17-3 tons' strain (nearly). 

866 



6340 
60G2 

2780 
2598 

182 



The strain on each strut acts as a force, producing a 
tensile strain on the bottom flange, and that on feacli tie 
causes compression on the top flange ; the forces thus 
produce strains on the horizontal members, increasing 
in intensity from the points of support to the centre of 
the span. For instance, a certain tension is thrown from 
the strut aj on j w, which at k is augmented by the 
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strain caused by the force on h X*, and, again, it is simi- 
larly increased at the points I and m. 

T3ie force being known (that is, the strain) on any 
strut or tie, it is necessary to ascertain the correspond- 
ing strain on the horizontal member. 

The strain on the tie a 5, Fig. 19, being known, it is 
required to find that which it irr^y, 1 9. 

causes on a d. The strain on _j^ 1 

a h being taken up by the 
elements a e^ a d, a c h dj ia 
the paralellogram of strains, 
hence the rule for this case 
Arill be as follows : — 

KuLB (21). To find the strain on the horizontal member produced 
by the tie or strut, multiply the strain on the tie or strut by 
the length of the horizontal member a d in feet, and.divido 
by the length of the tie or strut in feet. 

In the present case, as the triangles are equal sided, 
the bars are of equal length ; therefore, the strain pro- 
duced by the tie or strut is equal to that which it sus- 
tains itself, except in the case of the end strut : 

The strain on the end strut is resolved vertically on 
to the point of support, and horizontally on to the 
memheTj kf 'Fig, 18. Hence J k assumes the position 
of a horizontal element proper, and the strain upon it 
may be determined from Eule (2), which, for the present 
cas6, may be worded as follows : — 

KuLE (22). To find the strain thrown on to the horizontal member 
by the last strut, multiply the load on the last strut by half 
the length of the base of the end triangle, and divide by the 
depth of the girder. 

These rules will solve all questions having reference 
to girders the ties and struts of which are of equal 
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length, the relative length of the bases of the triangles 
not impairing their accuracy ; but they will not apply to 
eases in which the lengths of the struts differ from those 
of the ties. 

At Fig. 20 is shown half of a lattice, or triangular 
girder, of a different form from that in the last case. It 
will be observed that the inclined bars in the present 



i 



Fig, 20. 




instance are placed at an angle of 45 degrees to the 
horizontal flanges of the girder, and therefore at right 
angles to each other. 

A represents one pier or point of support, a h being 
the centre line of the whole girder. ^ A is the bottom 
flange, and ga the top flange of the girder; mf, e I, 
h d, cj\ i h, and a h, are uprights, serving, as will here- 
after be shown, to distribute the loads upon the girder 
so that it may fall equally upon the two systems of 
triangulation which form the web of the girder, one of 
which systems comprises the bars ah, h c, c d, d e, ef, 
fg, whilst the other consists of the bars h «, */, j k, h I, 
hn, m A. 

The half girder is, as shown, divided by the vertical 
bars into six square bays, A g mf, f mel, lekd, dkej, 
jeih, hi ah J hence the whole girder would contain 
twelve bays, and, as the bays are square, it follows that 
in this instance the length or span of the girder will be 
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twelve times its depth, the measurements being taken 
from the points of intersection of the centre lines of 
the struts and ties, which centre lines alone are shown 
in the Figure. 

Therefore when this system is adopted wo have the 
following rule : — 

Rl*lb. To find the number of bays in a triang^ar girder of the 
form shown in Fig. 20, divide the span by the depth of the 
girder, both in feet. 

Or, in other words, 

KuLE. The ratio of tbe span of the girder in feet to the depth of 
the girder in feet is expressed by the number of bays in the 
girder. 

Thus, for example, let there be ten bays in a girder oi' 
150 feet span, the depth will be found as follows : — 

Number of bays, 10 ) 150 feet span of girder, 

15 feet depth of girder. 

Again, if the span be 200 feet and the number of bays 
twelve : — 

Number of bays, 12 ) 200 feet span of girder. 

IOt^-, or 16 feet 8 inches dex)th 
of girder. 

So much for the proportions entailed by this system 
of construction. Let us now proceed to the distribution of 
loads, and the strains thereby produced. The load being, 
as usual, supposed to be uniformly distributed along the 
entire length of the girder, the load acting at each point 
of junction of ties and struts, as at 7)i, e, k, &c., if the 
load be on the top of the girder, or at/, /, d, &c., if it be 
on the bottom flange wiU evidently bo equal to the total 
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load on the whole girder divided by the mimber of bays 
in the girder ; hence : — 

HuLE (23). To find the load in tons carried at one summit of a 
triangle, divide the total load in tons upon the girder by th;^ 
number of bays of which the girder consists, the quotient will 
be the required load in tons. 

Example : — ^Let a girder of twelve bays be designed 
to carry a total load of 300 tons : — 

Number of bays, 12 ) 300 tons' total load 

25 tons on each summit. 



The following rule will give the result, when the load 
per lineal foot, and the distance in feet from summit to 
summit, are given : — 

BuLE (24). To find the load in tons carried at one summit, multiply 
its distance in- feet from the next summit by the load in tons 
per lineal foot of the girder, the product will be the required 
load in tons. 

Example. — Let the load per lineal foot on a girder 
be 2*5 tons, and the distance between two contiguous 
summits be 14 feet 3 inches : — 

14*25 feet distance between summits, 
2*5 tons' load per lineal foot. 



7125 
2850 



35*625 tons' load on each summit. 



One half of this load will be taken up at once by 
one series of triangles, and the other half will i^ass 
through the upright to the other series of bars. 

{Note, — It is desirable here to observe that the term 
" summit" of a triangle is hete used as applying to its 
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apex, whether at the top or bottom of the girder : thus e 
is the summit of triangle/^ d : also I is the summit of 
triangle mlL) 

For the sake of clearness it will be advisable to take 
two distinct cases, according to the general methods of 
loading, and a third special or supplementary case. 

Ut Case, — ^When the load, being on the top of the 
girder, comes first upon it at the points a, t, c, k, e, m. 

2nd Case, — When the load, being at the bottom of the 
girder, comes first upon it at the points h, h, j, d, I, f, 

3rd Case, — When the load, being between the top and 
bottom flanges, comes first upon certain intermediate 
points in the uprights a h, i h, cj\ Jc d, e I, mf. 

In each case, however, let it be borne in mind that all 
loads on the half-girder A h are being transmitted 
through the inclined bars towards and ultimately on to 
the pier A^ except the central load on the line A A, one 
half of which goes to the pier A, the other passing to 
the other point of support, not shown in the diagram. 

Ist Case, — ^Let the girder consist of twelve bays, and 
be 200 feet span, the total load upon such girder being 
250 tons, carried on the top flange, then the load on 
each simimit w, e, hy &c., is found by Eule (23). 

Number of bays, 12 )250 tons* total load on girder, 

20*83 tons' load on each summit. 



As the terminal decimal is current, we will call the 
total load on each summit 20*84 tons, except the end^, 
where the girder terminates, and on which the load is 
one half of this, or 10 '42 tons. Before proceeding 
farther, it is desirable to test our calculations, hj show- 
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ing that the loads thus distributed will in the aggregate 
make up the total load on the girder with which we 
started at ihe commencement. On the centre point a 
we have the load 20*84 tons, and a like load on each of 
the five points m^ e, k, e, t, and on the five corresponding 
points in the other half of the girder — ^thus we have the 
load 20*84 tons on eleven points situated over the 
summits between the piers. Then over the pier A there 
is a load of 10*42 tons, and a similar load over the pier 
on which the other end of the girder rests. The sum 
of the weights on the eleven intermediate summits 
will be — 

20*84 tons per summit, 
11 summits, 



229-24 tons on eleven intermediate summits 



The sum of the loads over the two piers — 
10*42 tons over each pier, 
2 piers. 

20*84 tons on standards on piers. 

Making the gross load on the girder — 
229*24 tons on intermediate summits, 
20*84 tons on end standards, 

25008 total load on girder. 

The amount given was 250 tons ; the '08 tons' excess 
is due to replacing the current decimal '3 by the final 
decimal '4 ; the error here is practically nothing, 
amounting as it does to only 179*2 lbs. in 250 tons. 

The uprights mf, el, &c., it must be remembered, 
serve only to distribute the load ; they are not designed 
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to take up any strain from the inclined bars ; in tlie 
present case the load on each intermediate summit 
m, ey JCf &c., is 20*84 tons, of which one half is imme- 
diately taken up by the struts at those points, whilst 
the other half is transmitted through the uprights to tho 
lower summits/, /, d, &c., to be taken up by the ties at 
these points, thus exerting a compressive strain upon 
the uprights equal to half the summit-load, or 

2 ) 20-84 tons' summit-load, 

10*42 tons' strain on each upright. 

The end uprights have, however, also to carry a strain 
thrown upon them by the end ties, but this is a matter 
of after consideration. 

To ascertain the actual load producing strain on a 
strut or tie at any point, it is evident we must take one 
half of the summit-load at that point, as one half is thus 
shown to be taken up by each series of triangles, but at 
the centre only one half of the summit-load is taken in 
the first instance, as only one half of it passes to the pier 
A, hence at that point one quarter of the summit-load 
must be taken as exerting strain upon either ^ ^ or A i. 

It is well to make clear why the load is taken at tho 
top by the struts and at the bottom by the ties, in case 
any mistake might arise on this point. 

"Wherever a load is taken up by an inclined bar to b3 
transmitted to the pier ^, it is evident that the bar must 
incline from the point at which the load is applied 
towards that at which it is to be given off; but the bars 
«y, &c., incline from the top flange towards the pier, 
and the bars h c incline from the bottom towards the 
pier, and from our rules already given the bars a b, ij, 
&c., must be struts, whilst the bars h i, h c, must bo 
ties. 
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The foregoing remarks being thorouglily understood 
and carefully borne in mind, the summation of the loads 
to arrive at the load on any particular bar will be ex- 
ceedingly simple, being merely a matter of diligence 
and observation ; but one or two examples may perhaps 
be with advantage here introduced, therefore we will 
select two, — one having reference to a strut, the other to 
a tie. 

In the first place let it be required to determine the 
load to be carried by the strut k I, The load on h I 
consists of that due to its proportion of the summit-load 
at Jc, added to the load brought upon it by the HqjIc, 
but the load on/ h is due to the proportion of summit- 
load thrown upon it from e through ej and the load 
brought to it by strut ij\ and the load on ij is due to 
its share of the summit-load at i added to the load 
brought to it by the tie h i, the load on h i being its 
share of the summit load at a transmitted through the 
upright. Now each proportion or " share " of summit- 
load taken up has been shown to be equal to one half 
the summit-load, except for the centre bars, where the 
share is one-quarter of the summit-load, hence in the 
present case the strut h I has three half summit-loada 
(at h, e and *) to carry and one quarter summit-load 
(at a)y hence the total load carried hj hi will be — 

10-42 tons' summit-load, 
3 

31-26 
5-21 tons' quarter summit-load, 

36-47 tons' total load on strut k I, 



Let it now be required to determine the load carried 
by the last tia/ g. Proceeding in the same manner we 
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find it has to carry five half summit-loads and one 
quarter summit-load^ hence the total load carried by 
tiiis bar will be 

10*42 tons' half summit-load, 
5 



5210 
5-21 tons' quarter summit-load, 

57*31 tons' total load on tiefff. 

But as a like load is borne by the strut m A, and the 
two together bring half the total load, minus twice the 
load carried at the summit g (which has been shown to 
be half a summit-load), on the whole girder to the pier 
Aj it follows that four times the total load, transmitted 
through the bar / g, added to twice the load at g, 
should be equal to the total load on the whole girder ; 
let us ascertain if such be the case : — 

57*31 tons' total load on tie///, 
4 



229-24 
20*84 tons' twice load at ^, 



250*08 tons' total load, 

which shows our calculations to be accurate (the -08 
excess having been already accounted for in replacing 
•3 by -4 terminal). 

The load carried by any tie or strut having been 
ascertained, the intensity of the strain produced by it 
is determined in the usual way by Eule (1), which, 
worded to suit the particular case, becomes as fol- 
lows : — 
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HiJLE. To find the strain in tons on any tie or strut, multiply the 
load on such tie or strut "by its length in feet, and divide the 
product by the depth of the girder in feet ; the quotient will 
be the required strain. 

Any tie or strut is, however, equal to the diagonal 
of a square, of wMch the depth of the girder is equal 
to the side, therefore the length of a tie or strut in feet 
divided by the depth of the girder in feet, is equal to 
1*414, the rule may, therefore, be simplified thus : — 

HuLE. To find the strain in tons on any tie or strut multiply tho 
load in tons by 1*414. 

It has been shown above that the load on the strut k I 
is equal to 36*47 tons, let it be required to find tho strain 
on the same : — 

36*47 tons' load on strut k I, 
1*414 



14588 
3647 
14588 
3647 

51*56858 tons' strain (compression) 
'^=^==' on strut k I, 

In order to ascertain the strain brought upon the 
top or bottom flange at any point by any particular tie 
or strut, the strain on such tie or strut is taken as the 
force acting on the flange, and Rule (1) applied. 

Let it be required to find the strain produced upon 
the bottom flange by the strut k I, It is evident that 
I j will be the virtual length of the bar tmder strain, to 
which Jc I will be the perpendicular distance, but the 
relation of ^ y to its perpendicular distance is the same 
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as that of 1 / to its peipendiciilar distance, hence we 
haTe the mle. 

IhrLS. To find tiks stiain thrcnm vpon eidier flange bj anj strut 
or tie in tons, mahi^ljtbe «f/«ui oasoch stmt or tie by 1*414. 

But if the strain on the har J J is required, the load 
on the strut or tie being given, the following rule \rill 
suffice : — 

KuLS. To find the strain thrown upon other flange by any par- 
ticular strut or tie in tcnos, multiply the load in tons on such 
strut or tie by 2. 

This rule, however, does not apply to the end struts 
and ties, where the members y m and A f act as true 
horizontal bars; the question is, therefore, solved by 
Rule (2), whence we derive the following: — 

KuL£. The strain thrown upon the top or bottom flange of the 
girder by any end stmt or tie is equal to the load upon such 
strut or tie. 

We will now proceed to the second and third cases. 

2nd Case. — ^When the load is at the bottom of the 
girder. In this instance the intensities of the strains 
are precisely the same as in the Ist Case^ but the uprights 
m /, e /, &c., are in tension instead of compression. 

Zrd Case, — ^When the load is between the top and 
bottom flanges. In this case the only alteration from 
the foregoing is that the portions of the uprights alove 
the load are in tension, and those portions hehw the load 
are in compression. The intensity of the strains remains 
the same throughout. 

Before passing fcom the class* of combinations of 
elements known as lattice girders, it is desirable to give 
some general rules applicable to all descriptions of such 
structures, first giving them for a central load, and then 
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for an miifonnly distributed load. The rules (a, J, e\ 
however, will be given for a single series of triangles, 
hence if there be more than one series the resulting 
strains must be divided by the number of series of 
triangles, for it is evident that the number of series of 
triangles may practically be regarded as derived fix)m a 
primary series by the splitting up, as it were, of the 
large lattice-bars into a number of smaller ones. 

Fig. 21 will serve to elucidate the idea here intended 
to be expressed ; it represents a portion of the end of a 
lattice girder. Suppose, in the first instance, it is pro- 
posed to have only one series of triangles, then that 
series will be represented 
by the broad lines A, B, 
C, D, but if it be deter- 
mined to have six series of 
triangulations, then may 

the large bar -4 ^ be """"" "" "c ^fc VYY a/ I 
regarded as Bplit into six 
smaller ones, occupying the positions A JB, a /, h g^ 
e h, d t, e /, the six series of triangles commencing 
respectively at the six points, A, a, h, e, d, e. 

We must, therefore, insert the following : — 

Pbeliminaby Kule. If in any case, in Eules a, b, &c., there be 
more than one series of triangles in the girder, the results 
obtained from the following rules must be divided by the 
number of the series of triangles in the girder to obtain the 
true result applicable to the case. 

We will now proceed to give the general rules, and 
some examples of their application. 

KtjIiB (a). To find the strain on any lattice-bar under a central load, 
multiply the load in tons by the length in feet of one lattice 
bar, and divide the product by twice the depth in feet of the 
girder, the quotient will be the strain on the bar in tons. 




•*» 



lA. 



^S^ JH 






•9BC3se of a lattice 



4-^ f^€tr I'-qirft of lattice-bar. 



IXspdiaf g3d3*4 154 

2 120 



8 ISi-O 



16~>«^ ^OB^ Suiain 



[bar. 
on aiiT lattice- 



tt dioe be tvo soies of tnanglea we shall liaxe 

2 16S7o 

S-4$7o tons' strain on aiiT 



Eriz [i). To find the stzmia oa ibe ftmgg at any point under a 
eentnl load, mnttifky ibe load in ions bv the base [A C, Fig. 
ti] in feet of one tdang^e. andbv thenomber of hais (ties and 
stmtB^ between the point at which the az>cA is leqnired and 
ibe neszest point of snpportr and diride the product by four 
times the depth of the girder, the quotient win be the strain 
on the flange in tons. 

Example. — ^Let the central load, as aboTe, be 30 tons, 
the base of one triangle 4 feet, and the number of bars 
between the given point and the nearest point of sup- 
port 6, the depth of the girder being 4 feet : — 

30 tons' central load, 
4 feet base of triangle, 



Depth of girder - 4 

4 

16" 



120 
6 bars, 



) 720 ( 45 tons' strain on flange at 
64 [given point. 

80 
80 
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We will now give the rules for girders uniformly 
loaded througliout their length. 

Bttlb (e). To find the strain on any lattice-bar under an tmiformly 
—distributed load, multipl> ^ he load in tons at each summit (or 
junction of tie, strut and flange), by the number of summits 
between the centre of the girder and the bar on which the 
strain is to be found, and by the length of a lattice-bar in 
feet, and divide the product by the depth of the girder in feet, 
the quotient will be the strain on the bsur in tons. 

Example. — ^Let the weight per summit be 5 tons, the 
number of summits between the centre of the girder 
and the bar 3, the length of a lattice-bar 7 feet, and the 
depth of the girder 5 feet : — 

5 tons per simmiit, 
3 summits, 

15 

7 f eet length of lattice-bar, 
Depth of girder 5 ) 105 

21 tons' strain on lattice-bar. 

If there be three series of triangulations we have 

3 )21 

7 tons' strain on lattice-bar. 



Rule {d). To find the strain on the top flange at any poiat, mul- 
tiply the sum of the strains on all the ties between that point 
and the nearest end of girder by the base of one triangle in 
feet, and divide the product by the length of a lattice-bar in 
feet,— the quotient will be the strain on the flange in tons, 
for any number of series of triangles. 

{Note.—Ji the last bar is a tie, take only half the straia on it in the 
isum). 

Example — ^Let the sum of the strains be 160 tons, the 

E 2 



h^&B €fi ODe iaan^ 2 iaetg cod die kagdiaf m lattice- 
Imr 2 feet 6 indieB : — 

160 tons' snmof sbsmsonlieB, 
2 feet base of tzaai^^ 

Length of lat&e^bar 2-5)S2<H>^128 tons^ stzam <m 

25 [flange. 

70 
50 



200 
200 

A« a matter of oonrsey this role cannot be used until 
the strains on all the ties haye been determined hj 
means of Bnle (c). 

BvLS (^). To find ihe fltrain on the bottom flange at any piunt^ 
mnli^ly the fom of tiie straina on aij. thb sTKns between 
that point and the nearest end of girder by the baae of one 
triangle m feet, and divide the rodnct by the length, of a 
lattice-bar m feet, — ^the quotient wiU be the stnun on the 
flange in tona, for any number of aeries of triangles. 

(Kote^—liihB last bar ia a stmt, take only half the strain on it in 
theiam.) 

Ejcample. — ^Let the sum of all the strains be 185 tons, 
the baffe of one triangle 4 feet, and the length of a 
lattice-bar 5 feet : — 

185 tons' simi of strains on struts, 
4 feet base of triangle. 



Longthof lattice-bar 5 )740 

148 tons' strain on flange 

With a perfect knowledge of these last five rules {a\ 
(J), {p\ ((?), and (tf), the strains may be calculated on any 
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part of any lattice girder loaded centrally, or iinifonnly 
and freely supported at each end; but the following 
numbers may be luseful in expediting such calcula- 
tions. 

Two angles only are almost exclusively adopted in 
the construction of lattice girders. They are : — 

The angle of 60 degrees between the lattice-bar and 
the flange, which gives equilateral triangles; and 
The angle of 45 degrees between the lattice-bar and 
- the flange, which gives triangles having their vertices 
right-angled. 

In the flrst case, 

The length of lattice-bar divided by depth of 

girder is equal to — 1*128. 
Base of triangle divided by length of lattice-bar is 

equal to — 1, 

In the second case. 

The length of lattice-bar divided by depth of girder 

is equal to 1*414. 
Base of triangle divided by length of lattice-bar is 

equal to 1*414. 

These numbers form convenient multipliers for re- 
ducing the loads to strains on lattice-bars, and the latter 
to strains on flanges. 

In Fig. 22 is shown a 
combination called a bow- 
string girder, supported upon 
two piers A and B, A C B 
is an arch on which the strains 
may be calculated in the* 
ordinary way by means of 
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Bules (17) and (18). Instead, however, of the ^brost 
of the arch being borne ux>on the piers, it is taken up 
by the bowstring or chord A d B, to which the roadway 
is usually attached, the whole being connected with the 
arch by the vertical suspension-rods C d, e f, &c. The 
diagonal bracing is interposed to give increased steadi- 
ness, and hinder any slight distortion of the arch which 
might occur. 

It is important thoroughly to imderstand the duties 
of the different elements of the bowstring girder, so that 
it may in no way be confounded with a trussed or lattice 
girder. In point of fact it is not, strictly speaking, a 
girder at all, but a tied arch ; that is, an arch of which 
the abutments are united by a tie, instead of being 
otherwise enabled to resist the thrust thrown upon them 
by the arch. 

The load comes upon the arch through the suspen- 
sion-rods, at the lower ends of which, /, A, d, the weights 
are suspended, and these rods have no other duty to 
perform. Their lower ends are kept in position by 
attachments connecting them with the chord. The 
arch may be regarded and treated as an arch uni- 
formly loaded. The chord or tie -4 J? is in ten- 
sion, and the amount of strain upon it is equal to 
that at the crown of the arch, and the tension on the 
chord is the same throughout. Hence it may be found 
thus : — 

EuLE. To find tha tension on the chord of a bowstring or tied 
arch in tons, multiply the total load on the arch in tons by 
its span, and divide the product by eight times the rise 
or versine of the arch, — ^the quotient is the required strain 
in tons. 

Example. — Let the total load be 140 tons, the 
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span of the arch 83 feet, and its rise or versine 

7 feet:— 

1 40 tons' total load, 

83 feet span of arch, 

Eise of arch, 7 420 

8 1120 



56 ) 1 1620 ( 207-5 tons' tension on chord. 
112 



420 
392 

280 
280 

In two or three instances arches and chains have been 
combined together in the general form shown in Fig. 23, 
and in one case for so large a clear span as 445 feet. We 
allude to the late Mr. Brunei's 
magnificent bridge at Salttish, 
of which the two main spans 
are designed on this prin- 
ciple : — A cB\& the arch, and 
A d B the chain, which are 
connected together at each 
extremity in such a way that >^ 
the thrust of the arch equi- '^'^ 
poises and is equipoised by 
the pull of the chain. 

e f i% the roadway, which is suspended from the arch 
and chain by the rods c g^ h i, &c., so that the chain 
carries one half of the load and the arch the other, 
under which circumstances the thrust and pull at the 
piers A B will be equal. 

The suspension-rods have no duty to perform beyond 
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transmitting the load on the roadway to the sustaining 
members, and the diagonal bracing between the suspen- 
sion-rods tends to check vibration. 

In calcidating the strains on these combined elements 
it is only necessary to assign one half of the load to the 
arch and the other half to the chain, and proceed as 
usual by means of the Eules (17) and (18). Between 
the suspension-rods the roadway is carried by any con- 
venient description of light, straight girder. This mode 
of construction may at first sight appear heavy and 
complicated, but in reality it is not so, but, on the con- 
trary, forms a light and elegant structure. 

Amongst other buildings in metal which the engineer 
is called upon to design are included lighthouses. These 
may be conveniently formed of columns of iron braced 
together laterally and diagonally to enable them to re- 
sist the force of the winds and waves ; but in the present 
chapter they need no notice, as suflB.cient information 
has already been given to show how, in any case of 
combined elements, the loads may be apportioned and 
the strains arising from them calcidated, and to enter 
into special consideration of the great variety of systems 
which are proposed, would occupy far more space than 
can be with propriety devoted to this subject. 

In concluding this chapter we would strongly urge 
upon our readers, but more especially upon those 
entering on the profession, to thoroughly master those 
rules which have been set forth, and upon which our 
future calculations are based, for in the comprehension 
of the principles from which they are derived consists 
the knowledge of the fondamental doctrines upon which 
that branch of engineering to which the present volume 
is devoted depends, and these doctrines, once imderstood, 
will not readily be forgotten 
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OHAPTEE IV. 

JOINTS AND CONNECTIONS. 

Under the head of "Joints and Connections" are 
included an ahnost innumerable variety of methods of 
uniting the various elements of which structures are 
built up; and it not imfrequently occurs that the 
greatest amount of study and care devoted to the 
designing of any work must be expended in determining 
the best arrangement of the joints, and jfrom the mode 
adopted the practical ability [of the designer may gene- 
rally be estimated. 

It is comparatively easy to learn to calculate the right 
dimensions of the various elements of any combina- 
tion; but to unite them in such a maimer that, 
whilst the strength is not impaired, the appearance 
shall not be injured, requires a certain amount of that 
Mnd of knowledge known as " tact," and without it one 
can scarcely expect to become a neat designer. Many 
things may be copied jfrom previous examples, or modi- 
fied from them in such a maimer as to suit an emer- 
gency ; but joints most jfrequently cannot be copied. Of 
course we are not speaking of simple rivetted or bolted 
joints, by means of which two or three thicknesses of 
plates or bars are held together ; we refer to such more 
complex joints as occur in some kinds of lattice girders, 
and also in the connection of a number of girders with 

one column, and others of a siTnilnr natnTA. 

. . _ ^^t. „^ ^uSdftte ?he importance of correefly 

arrangmgr thejomtsofgirdersusedin sustaining btuldin^ 

1^ % 
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more strikingly than by reference to a catastrophe which 
occurred on the 6th of December, 1869, in the dining-hall 
of King's College, London. The dining-hall was 70 
feet long by 26 feet wide, and its floor and roof were 
supported by cast-iron girders put down about thirty- 
five years since. Lengthwise of the apartment three 
pairs of piers, 3 feet deep and 1 foot 9 inches wide, sup- 
ported three cast-iron cross girders. Longitudinal 
girders rested upon these and upon the end walls, so 
that the roof was divided into sixteen bays of brick 
arches, carrying superstrata of tiles, concrete, and earth, 
covered with turf, the whole being about 2 feet in thick- 
ness. Each cross girder had a top flange 3^ inches wide 
by 2 inches deep (a not only useless but positively 
destructive addition, but of the general design we shall 
not speak, as here we are treating of joints only), an 
upright web, and a bottom flange ; the longitudinal 
girders had bottom flanges and upright webs. Where, 
however, the longitudinal girders rested on the trans- 
verse girders — ^where the greatest amount of strength 
was requisite — ^the top flange was omitted, evidently for 
the purpose of more conveniently dropping in the ends 
of the longitudinal girders; hence, whatever strength 
would have been given by the upper flange otherwise 
was by this arrangement lost, so that the whole weight 
of that top flange was an additional load upon the web 
and lower flange of the girder. A pair of vertical snugs 
were also in each case cast at this point, inclining in- 
wards so as to form a recess to receive the butt-end of 
the longitudinal girder. The eflect of such, snugs on 
the castings would be to weaken them stiQ further by 



maybe argued in reply to these remarJcs zaan mo ngiruoxo 
would not have stood thirty-five years had they not had 
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aofficieBt streng^ for tihe end to wMch they irere 
designed; but, be it remarked, so soon as an extra 
strain vae put upon these girders by the settlement of 
some of the masonry, they immediately gave way, 
breaking at the joint in each case, — that is, fracturing 
across the recess or pocket, — thus showing that throngh- 
oat the girders the joints were the weakest places ; and 
the mazim to be followed and made a rule, never to bo 
swerved from, is : — 

In aaj Btractura the joints shonlil be at least as strong as the 
8oM parts of the work, and if a little stronger so mncli the bottor, 
as they are liablo to spocial defects, such as arise from unequal 
bearing, Ac- 
It now devolves upon us to show how these joints 
should be formed ; but in the first instance we would 
make a few remarks as to the proper shape of the 
girders themselves. 

Cast-iron having a much greater resistance to com- 
pression than to tension, it follows that girders made of 
that material require either no top & 
small in proportion to the bottom f 
ratio of 1 to 5 for sectional 
area. We shall purposely as- 
sume the girder to have a top 
flange, for otherwise the mat- 
ter would be simple enough, 
as abolishing the whole top 
flange woidd leave the joints in 
the same state as in the above . 
case, excepting as far as the 
receases are concerned ; hence, the cross girders will be 
assumed of the section shown in Fig. 24, though we do 
not in this place enter upon details aa to the section 
required to sustain any particular load, a shows the 
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top and h the bottom flange, the web being between 
them and connecting them together ; e, e, are the ends 
of the longitudinal girders as seen in iitu. The sides if, 
laterally holding the longitudinal girders, should be of 
the same tliickness as the web, so as to cool in the same 
time and so avoid straining from unequal contraction in 
cooling when cast. It is, however, necessary for steadi- 
ness that there should be something for the ends of the 
longitudinal girders to butt t^ainst, and it would not 
be proper to make the thickness of the web between the 
cheeks d equal to the breadth of the top flange, as then 
the web at that place would, when oast, be slower in 
cooling ; but the matter might be arranged in either of 
the ways shown in Fig. 25. ^- jg 

Both views show the trans- .^ — 

verse girder in horizontal sec- !«a?#^Ei^ 

tion and the longitudinal 
girders in plan. It will be 
observed that in the longitu- 
dinal girders the top web is 
expanded at the ends so as 
to be equal there in width to 
the bottom flange. In the 
first arrangement a is the 
transverse girder, and between the cheeks are cast small 
fillets for the ends J i of the longitudinal girders to butt 
against; in the second the web divides into two, as 
shown, to give hutments for d d. In the latter 
instance the core must be left in the cavity formed, as 
the apace between the divisions of the web must not bo 
carried through either flange. In both instances it 
will be observed the integrity of the top flange is not 
intepfered with, hence the transverse girder maintains 
its strength unimpaired all throngh its length. 




TO BTJILDINa STETTCTUBES. 85 

Haying mentioned the above disaster and pointed out 
its cause as an evidence of the importance of care being 
taken in the proportioning of joints, we will return to 
the more systematic treatment of our subject. We will, 
in the first place, consider the question as relates to 
rivets and bolts. 

The strains on bolts or rivets are of two sorts, tensile 
and shearing, sometimes shearing strain only being upon 
them, and sometimes both strains. If there is a tensile 
pxdl in the direction of the length of the bolt or rivet, 
its sectional area must be proportioned to bear such pull 
according to the quality of the metal of which it is made 
(commonly five tons "per square inch is allowed as a safe 
load), and if the tendency of the strain is to shear the 
bolts or rivets asunder the areas must be similary pro- 
portioned (four tons per square inch may be allowed aa 
safe for shearing strain). 

BxTLE. To find the sectional area of a rivet or bolt in square inches, 
multiply the square of its diameter by 0*786. 

Example. — ^What is the area of a rivet f inch in. 

diameter ? 

0*75 inch in diameter, 

0-75 „ „ 

375 
525 



5-625 square of diameter, 
0-785 



28125 
45000 
39375 



•441-5625 square inch area of rivet 
■ or bolt (say 0*44). 
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Let it be required to determiiie the number of J-inch 
bolts required to sustain a force of twenty-seven tons, 
safe load being five tons per inch tension : — 

0'44 square inch area of bolt, 
5 tons per inch, 

0*20 strength of one bolt. 

Tons' load. 

2-2) 27-0 (12-2, that is, 13 bolts 
22 

50 
44 

60 
44 

16 



How many f rivets will be required to resist a shear- 
ing strain of fifty tons at a load, of four tons per square 
inch area ? 

0*44 square inch area of rivets, 
4 



1*76 strength of one rivet. 



Tons' load. 

1 76 )50-00( 28-4, that is, 29 rivets. 
352 

1480 
1408 

720 
704 

"l6 
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The Iieads of bolts should never be of a thick- 
ness less than 5-16 of their diameters, nor should the 
nuts be less than double this, or f of their dia- 
meters. 

Let A^ Fig. 26, represent one end of a bar forming 
part of the chain of a suspension bridge, or of the bottom 
member of a lattice girder, and in the end let there be a 
hole through which to pass a ^. 

bolt, in order to connect it ^' 

with the other bars. It is _0 A ^ 

very evident that the bolt- 

hole weakens this bar by as kJL^ y^ -^ 

much as it reduces its sec- ^^ 

tional area, which, supposing 

it to be of uniform thickness, ^ r- ^^ ^ 

will be reduced in the same 1 ' ^. 



ratio as the width of the bar. ^ 

We will take an example, in order to make the matter 
dear, the bar being supposed to be, when in position 
between two others, as shown in plan A!^ being the bar 
with which we are dealing, which is held between two 
other bars, B and E. Let the bar -4 be 12 feet long 
from end to end (when not otherwise stated the lengths 
are taken from centre to centre of the bolt-holes), 10 
inches in width, and J-inch in thickness First, — ^let us 
ascertain the weight of this bar. A piece of wrought- 
iron of 1 inch sectional area, 1 foot in length, weighs 
3^ lbs., hence to find the weight of a bar of iron we havo 
the following rule : — 

Bulb. To find the weight of a rectang^ar bar of iron, multiply 
its length in feet by its breadth in inches, and by its thickness in 
inches, and by 10, and divide the product by 3. The quotient 
"""■*-- the weight of the bar in pounds. 
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The weight of the above bar is thus found :-^ 

12 feet length of bar, 
10 inches breadth of bar. 



120 

'75 inch thickness of bar, 



600 
840 



9000 

10 multiplier, 



Divisor - 3)90000 

300- lbs. weight of bar. 

Next must be ascertained the size of the pin or bolt 
which shall be of equal strength with the bar, and we 
shall assume that it is made of material which will safely 
carry a shearing strain of 5 tons to the square inch of 
sectional area, hence as the iron of the bar is assumed 
to be capable of sustaining the same strain per square 
inch in tension, the area to be sheared in :&acture must 
not be less than the sectional area of the bar itself; the 
latter is 

10 inches breadth of bar, 
•75 inch thickness of bar, 

7'50 square inches sectional area. 



A glance at the plan J! J) E shows that for the bar 
J! to be pulled away from the two bars D and E the 
pin or bolt connecting them must be sheared through in 
two sections, hence the sectional area of the pin must be 
not less than one half the sectional area of the bar, and 
as the latter is 7-5 square inches the former '^*" *'^ ^ 



TO BUILDINa STBUCTUBES. 89 

square inches. To £nd the diameter corresponding to 
this area we have this rule : — 

KuLE. To find the diameter in inches of a bolt to give any area in 
square inches, divide such area by 0.785, and extract the square 
root of the quotient. 

•785)3,750(4-7770, &C. 
3140 



6100 
5495 



6050 
5495 

5550 
5495 

550 

We have now to extract the square root of the quotient, 
4*7770, which is carried to a sufficient number of decimal 
points for our present purpose. 

2)4-7770(2-18 inches, (say) 2i inches 
4 [diameter of bolt. 

41) 77 
41 



428 ) 3670 
3424 



246 



The bolt-hole then would be 2^ inches in diameter, 
hence the width of the bar A would require to be in- 
creased by 2 J inches in order that its full strength may 
be retained ; the weight of the bar will of course be in- 
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creased in proportion, that is, in the ratio of 2 J to 10 ; let 
us see how much per cent, this wiU add to the weight 
of the chain : — 

10 : 2-25 : : 100 
100 



10)225 00 



22*5 per cent. 



This loss of metal in the chains is not, however, the 
only one which occurs through this form of bar, for the 
chains being 22-5 per cent, heavier than they need be, 
necessitates the giving of increased strength to some 
other parts of the structure which have to sustain the 
weight of the chains. 

In order to avoid this loss, a form of link' swelled at 
the end, as shown at By has been adopted, and should 
in every case be applied when the weight of the links 
is at all considerable. The breadth of the link, measured 
across the eye in the direction of the dotted line, should 
be slightly in excess of the breadth of the body of the 
bar, added to the diameter of the bolt-hole. The 
amoimt of metal beyond the bolt-hole at a must be 
sufficient to afford area enough to resist the shearing 
strain caused by the tendency of the bolt to push out 
the piece of metal beyond it ; therefore, measured from 
the edge of the hole along the dotted line to a, the dis- 
tance should not be less than one and a half times the 
diameter of the bolt. Wherever it is necessary to weld 
links the greatest care must be taken that the weld is 
sound, as an internal flaw does not admit of easy de- 
tection when the work is finished, for although a method 
has recently been discovered of detecting defects by 
means of a magnetic needle, yet, as far as we can 
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ascertain, it has not yet found its way into the work- 
shop. 

Fig. 27 represents two methods of attaching an up- 
right bar or standard to a horizontal flange. A and B 
are the upright bars, or rather the extremities of them, 
and (7, i), represent the ^. 

horizontal flanges. Both the ^^ ^ ^ ^' 

upright and horizontal bars 
are supposed to be in tension, 
hence it is important not to 
weaken the section of either 
by rivet holes more than is 
absolutely necessary. Let the 
number of rivets required be 
eight, thenin the arrangement 
shown by A and C it will be 
observed that no section of C has more than two rivet 
holes in it, but two sections of -4, taken on the line of 
rivets, have each four rivet holes in them. If, how- 
ever, the arrangement shown at B and B be adopted, 
neither of the bars will have more than two rivet holes 
in any one section. But care must be taken that any 
section taken zig-zag across the bar from centre to centre 
of rivet holes, less the rivet holes through which it 
passes, shall not be smaller than the cross section of 
the bar less two rivet holes, because as a matter of 
course the bar will break in its weakest part ; and if 
the effective zig-zag section be less than the effective 
transverse section, the former will be the measure of 
the strength of the bar. 

It is a common practice in setting out girder work to 
make the total sectional area of the rivets equal to the 
sectional area of the plates when the strain actually 
comes upon the rivets, as it does in all joints under 
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tensioii, and in some under compression, we shall there- 
fore take a few examples by way of illustration. 

As rivets J inch in diameter are very generally used 
for light and moderately heavy girders, we shall in each 
case assume that as the adopted size. 

Lap joints are those in which one end of one plate 
overlaps that of the other simply. 

Butt joints are those in which the ends of the plates 
-are placed against each other (or butted together), the 
ends of the two plates being covered either with one 
cover plate or with two, one being on each side. 

Let it be required to determine the number of f-inch 
rivets to make a lap joint between two bars 1 1 inches 
wide and J-inch thick, the rivets being placed in two 
longitudinal rows. First, the effective sectional area of 
the bar must be found. 

£uLE. To find the effective sectional area of a bar on any line of 
rivets under tension, multiply the diameter of the rivets in 
inches by the nimiber of rivets in the section ; deduct the 
product from the width of the bar in inches, multiply the re- 
mainder by the thickness of the bar in inches, and the product 
will be the effective area of the bar in square inches. 

Applying this to the above case we have — 

•75 inch diameter of rivet, 
2 number of rivet, 

1*50 .... (a) 

11-00 inches width of bar, 
1.50 .... (a) 

9-50 
•75 inches thickness of bar, 



4750 
6650 



7*1250 square inches effective area of bar» 
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And to this effective area of the bar the stun of the 
rivets' areas must be made equal, the number of rivets 
will be found by dividing the above area by the area 
of one rivet. The sectional area of a f-inch rivet is '44 
square inches 

•44)7-125(16 
44 



272 
264 



85 



Thus we see somewhat more than 16 rivets wiU be- 
reqidred ; hence, as the rivets go in pairs, there being^ 
two rows of them, not less than 18 rivets will answer 
the required purpose, that will be 9 rivets in each row ; 
so that if the rivets have a " pitch " or distance apart 
from centre to centre of 3 inches, and at each end of the 
joint a lap or distance jfrom the last rivet centre to the 
end of the plate of 1^ inches be allowed, the total 
length of the joint will be — 

9 rivets in length, 
3 inches' pitch, 

27 inches length of point. 

For another example of a lap joint let the plates bo 
30 inches wide and 1^ inch thick (in one or two thick- 
nesses), let the number of rows of rivets be six, and the 
pitch of rivets 4 inches, then we have — 

•75 inch diameter of rivet, 
6 number of rivets, 

4^ . . . (a) 



JKH) indies width of bar, 



25-5 
1128 



255 

S55 

26-7MO sqmie indies effectire sectional 

" area of plate. 

To find the number of tints requisite w© have — 

•44 ) 28-764 ( 65 

264 

336 



164 

Hius rather more than 65 riv-ets, that is to say, 64 
rirets, will be reqoired to make the joint, and as then 
are six rows of rivets, this will give 11 riveta in ead 

POTT, The pitch of the rivets being 4 inohos, the lengtb 
of the joint (allowing at each end half a pitch iea ]^) 
will be 44 inches, or 3 feet 8 inches. 

If, instead of being a Jap joint, the platos were 
batted with ow cover plate, then it is erident that &s 
atrain has to pass Srst from ( 
oorer pints, .iml then Iium fJi. 
other main [ilate, tliiii- vim 
s case, twion t 



roqiM.-. 
two '•'•- 


I If. 

Mir t\> 





hence, a butt joint, in tension with two cover platea, 
requires the same ntunber of rivets to hold it as a single 
lap joint, the dimensions and other particulars being the 
same. 

In butt joints in compression, if truly made, there 
should be no shearing strain on the rivets, as the 
pressure passes from the end of one plate to that of the 
one against which it is butted ; hence, the only duty the 
rivete have to perform is to hold the ends of the plates 
opposite to each other. In this case it is evident that 
very short cover plates will suffice for butt joints in 
compression, nor is any deduction to be made for the loss 
by rivet holes, for the rivets filling the holes the thrust 
or compressive strain will be transmitted through the 
bodies of the rivets the same as through the solid plate. 

In determing the length of rivets required for any 
joint two matters have to be taken into consideration, 
the thickness of metal through which the rivets have to 
pass, and the amount of length of rivet necessary to 
make that head which is completed in the act of 
rivetting up the joint. The first is the sum of all the 
ftucTrnesBfis of metal through which the rivdt has to 
pass, the second ia generally provided for by allowing 
an extra length, equal to one and a half times the 
diameter of the rivet. The length of the rivet is 
measured &QB|'iijider the head to the point. 

If it is< TtnBdt therefore, to determine the length of 
A-jn'tb ri^B^^Bl^'B^ ^ unite three thicknesses of 
and {-inch, 
> thickness^^^H \m 1 1 inches, 
l-incli, will be 
will be IJ 
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This is applicable when the nmnber of plates to be 
joined together is but small, but when a larger nmnber 
are to be connected an allowance must be made for their 
not lying perfectly flat and close together, the following 
will then be a safe rule:— » 

EuLE. To find the length of rivets in inches, measured from under 
the head to the point, to hold together a number of plates of 
iron, add together the thicknesses in inches of all the plates, 
to this add 1-32 part of the nimiher of the plates and one-and' 
a-half times the diameter of the rivet in inches. 

Example. — ^Let it be required to find the length of 
rivets 1 inch in diameter necessary to hold together six 
wrought-iron plates, of which three are f -inch and three 
f-inch in thickness : — 

•75 inch thickness, 
3 



2*25 inch thickness of three f-inch plates^ 

'625 inch thickness, 
3 



1 -875 inch thickness of three f-in. plates* 



The number of plates is 6, hence we must find 1-32 

part of 6, 

32 ) 6-00 ( 0-1875 . . (a) 

32 

280 
256 

"240 
224 

"16O 
160 
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And, finally, one and a half times the diameter of 
rivet (1 inch is 1 -5) inch. Adding all these quantities 
together we arrive at the required length of the 
rivets : — 

2*25 inches' thickness of three J-inch plates, 
1*875 inches' thickness of three f-inch plates, 

•1875 {a) 

1*5000 inches' length of IJ diameters, 

5*8125 inches' total length of rivets. 

Practically, this length would be taken as 5 J inches, 
decimal measurement only being used in calculation. 

Where cover plates are used to joints they must, of 
course, be equally strong with the main plates, as they 
have to convey the whole strain from one plate to 
another; hence, assuming the widths of the cover 
plates to be the same as that of the main plates — 

For a single cover the thickness must equal thichiess of 
main plate. 

For two covers the thickness of each must equal half the 
thickness of main plate. 

We must now pass on to speak oi joint plates. These 
are plates introduced to unite elements where they can- 
not conveniently be united directly — ^that is, one to the 
other ; in fact, joint plates serve as cover plates, but arc 
very frequently of irregular forms, to suit the nature of 
the work for which they are designed. 

In Fig. 28 is shown a joint plate for enabling a 
standard or upright to be joined to the flange of a 
girder. A B is the horizontal member or flange, 
D the standard, and C the joint plate. The joint 
plate, which is wide at the bottom, is rivetted on to tho 
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Fig, 28. 




angle iron, or rather it should be between the two 

angle irons of the flange, and I) the upright i^^ivetted, 

as shown, on to the upper 

part of the joint plate, which 

tapers down in width until 

it is at its top the same width 

as the piece I) ; if the latter 

consists of two bars one will 

be placed on each side of 

the joint plate, and all three 

will then be rivetted together 

in the manner shown. 

In this case, if the element I) had been rivetted direct 
on to the angle iron without the intervention of the 
joint plate, it would, in order to get in the necessary 
number of rivets, have required them to be placed so 
close together as very seriously to weaken both the 
upright and the flange ; but as the joint plate may be 
made of any height and width desirable, a sufficient 
number of rivets may be brought into action without 
the slightest amount of crowding. 

In Pig. 29 is shown a joint plate, which at the same 
time acts as a gusset plate. (A gusset is a plate inserted 
at an angle in order to main- 
tain the proper relative in- 
clination of any two parts of 
a structure.) ABC shows 
a part of the comer of girder 
and I) a diagonal bar to be 
attached to it ; E is the joint 
plate. The height and width 
of this plate allow of a suffi- 
cient number of rivets being 
brought into play to hold it to the bottom flange and end 



p- 


Fig. 29 
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of the girder, and its diagonal measurement affords 
room for the insertion of the number of rivets requisite 
to the proper attachment of the diagonal bar J), In 
this case the plate, in its capacity as a gusset plate, 
keeps the end A B oi the girder to which it is supposed 
to belong at right angles to the bottom flange A B, but 
of course plates of this description may be cut to any 
angle according to the requirements of the case. 

Fig. 30 shows a form of joint plate not unfrequently 
seen in roof-work and in the larger class of lattice 
girders used in buildings of magnitude. A is the 
joint plate, and its duty is to t^* qn 

connect the four diagonal ties, 

hy (?, dj e, which are assumed to *{!|]^*^vP ^^"^^ 

come from the four comers of ^^^/7?% fT^Sc 
some bay which requires brac- 
ing. The plates are two in 
number, the swelled ends of 
the tie bars being placed be- 
tween them and there secured by bolts or rivets. 

Pairs of plates of this description are made in a great 
variety of forms to meet the requirements of light 
trussed work, where the ties and struts are so small as 
not to allow of rivet-holes being punched in them con- 
veniently, and also where a number of ties lying in the 
same plane meet. 

It may also here be observed that where plates of 
this description have to be employed, by care in design- 
ing them they may be caused to add very materially to 
the general appearance of the work. 

In some instances wrought-iron tie-rods have been 
joined in the centre or some other part of the length, as 
the case might be, by means of coupling boxes. The 
two extremities of the bars to be joined have screws cut 
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upon them, but tlie tlireads are cut in opposite directions, 
that is to say, on one end a right-hand screw is cut, but 
on the other a left-hand screw, in the same manner as 
the railway couplings are made. A box, or long nut, is 
made to fit these screws, having an internal right-hand 
thread at one end, and an internal left-hand thread at 
the other ; when this box or nut is adjusted to the two 
ends to be brought together, it is evident that by turn- 
ing it in one direction or the other the ends of the tie-bars 
are caused to approach, or recede from, each other, and 
thus the required length of the whole tie, which is made 
up of the two bars, admits of being adjusted with the 
greatest nicety, not only at the time of its erection, but 
also at any future time, if from any cause it should be 
thought desirable. 

If an adjustable joint be required for a strut, it can 
be arranged in the following maimer : — 

Let one piece of the strut have an ordinary screw- 
thread cut upon its extremity, being that extremity 
which meets the other piece of the strut. The latter 
part is to be tubular at its end, so as to adinit the 
former, and the tubular part must be sufficiently long 
to give a steady good hold, and of such a diameter that 
the screwed portion will just slide in or out, but without 
play. The strut being put together, it can be screwed 
out to the required length when in place, by turning the 
nut which bears upon the end of the tubular part, and 
thus affords a means of adjustment whenever it may be 
required. 

In connecting different cast-iron elements generally, 
rivets are out of the question, as, from the very unyield- 
ing nature of that metal, it would be constantly being 
fractured, either in the rivetting or by the subsequent 
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contraction of the rivets in cooling, hence bolts and nuts 
are invariably used. 

It is held by many mechanical engineers that a well- 
made bolt, one inch in diameter, should safely carry a 
load of five tons, and this may be safe where no violent 
jars or shocks are likely to come upon it ; but in girder 
work the safe tensile strength of iron is assumed to be 
five tons per sectional square inch, and the sectional 
area of a bolt, one inch in diameter, is 0*785 square inch. 
Hence the safe strength of such a bolt is thus found: — 

•785 square inch sectional area, 
5 tons per square inch, 



3*925 tons strength of bolt. 

We may, however, with perfect prudence, call this 4 
tons ; then, as the sectional areas and therefore the 
strengths of the bolts vary as the squares of their 
diameters, we have the following simple rules : — 

KuLE (25). To find the safe load on any given wrought-iron bolt, 
multiply the square of the diameter of the bolt by 4 : the pro- 
duct is the load in tons. 

Example. — What is the safe load on a bolt 4 inch in 
diameter ? 

•625 inch diameter, 
•625 



» >> 



3125 
1250 
3750 



•390625 square of diameter, 
4 



1*662500 tons working strength of f in. bolt 
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The next rule serves to find the niunber of bolts re- 
quisite to support a given load. 

EuLB (26). To find the number of holts of a given diameter to 
support a given load in tons, divide the given load by four 
times the square of the diameter of the bolts in inches, — the 
quotient will be the number of bolts required. 

Example. — Let it be required to be determined how 
many bolts f inch in diameter will be necessary to carry 
safely a load of 43 tons : — 

•75 inch diameter of bolts, 
•75 



>> n >> 



375 
525 



•5625 square „ „ 

4 



2-2500 



Load in tons. 

2-25 )43-00( 19 

225 



2050 
2025 



25 

Practically this will bo 20 bolts required. 

The following rule serves to determine the diameter 
of the bolts when the load and number of bolts are 
given. 

BuLE (27). To find the diameter of bolts in inches, the load and 
number of bolts being given, divide the load in tons by four 
times the number of bolts given, and the square root of tho 
quotient will be the required diameter of bolts in inches. 
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Example. — ^Let the load to be sustained be 25 tons, 
and the number of bolts admissible 14, then applying 
the rule, we find. 

Number of bolts, 14 

4 

— Tons. 

66 )25-0( 0-446, &o. 
224 



260 
224 



360 
386 

We must extract the square root of 0*446. 

•6 )0-4466( 0-66 diameter of bolts 
•36 



126 ) 860 
756 



104 



Practically, these bolts would be 9-16 inch in 
diameter. 

The different elements of cast-iron structures, which, 

&om being at an angle, cannot be bolted directly 

together, are joined through the medium of brackets or 

dogs, either cast on to one of the pieces, or else bolted 

to both of them. Lugs, or ears, also cast on to the sides 

of certain elements, are used as a means for bolting them 

together. As a general rule, wherever a bolt passes 

through a piece of cast-iron, at that place the metal 

should bo made thicker than in the general body, and 
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that for a distance round the hole about as far as the 
nut or head of the bolt will extend. 

In conclusion, it may be observed that although bad 
joints of all descriptions will sometimes make their 
presence in a structure evident the first time it is tested, 
yet such is not always the case, and, in fact, they must 
be bad indeed to yield at the first strain ; and in general 
it is after the structure has for a long time undergone 
continuous strain and frequent vibration that the joints 
find their real bearings. Sometimes the actual resist- 
ance of rivets to shearing will not be called into play at 
all, because their contraction in cooling has pressed the 
plates together with so great a force that the friction 
of their surfaces of contact is alone sufficient to prevent 
them from sliding one upon the other. 



CHAPTER Y. 

GIBDERS AND COLUMNS FOR BUILDINGS. 

The application of iron columns and girders to the con- 
struction of warehouses and other buildings is now so 
lapidly extending that the circumstances of its adapta- 
tion to such purposes require the most careful considera- 
tion on the part of builders and engineers. 

In ordinary warehouses and private buildings the 
loads on the girders wiU generally be of an uniformly 
distributed character, being due to the weight of walls, 
merchandise, and inhabitants. Of course in each case 
the weight must be taken at a maximum. A few 
examples of modes of determining the loads on ware- 
house girders, &c., will serve to illustrate this portion 
of our subject. 
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Let it be required to construct a wrought-iron flanged 
girder of the common I section, to carry a wall 25 feet 
high and 2 bricks thick across an opening or gateway 
20 feet in the clear span or distance between the points 
of support. 

To find the weight of the wall we have the following 

rule : — 

EuLE. To find the weight of a brick wall in pounds, multiply its 
height in feet by its length in feet, by its thickness in bricks 
(each brick is 9 inches) and by 75. The product will be the 
weight of the wall in pounds. 

Applying this to the above case, we have 

25 feet height of wall, 
20 feet in length car. by girder 

"500 

2 bricks thick, 



1000 
75 



75,000 lbs. load on girder. 

To reduce this to tons we must divide by 2240, being 

the number of pounds in a ton : — 

2240 )75000( 33-48 tons, 
6720 



7800 
6720 

10800 
8960 



18400 
17920 



480 

Tliis will in practice be taken as 34 tons' load distri- 
Lulcd over tlio whole length of the girder. 

F 3 
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rrom this load the- size of tlie girder may be deter- 
mined when its general proportions have been arranged. 

For flanged plate girders, about the most economical 
proportion of span to the depth is as 12 to 1, but we 
cannot always get even so much depth as this would 
indicate on account of limitations as to space or head- 
way; hence, in many instances, girders for buildings 
have to be made with imusually heavy flanges ; in the 
present example, however, we shall assume that the 
desired depth of girder may be attained ; the span being 
20 feet, the depth will be 

12)20 

1-667 feet depth of girder. 



Then, to find the strain on either flange, we have 

Rule. — To find tho strain on either flange of a girder supported 
at both ends and uniformly loaded, multiply the load in tons by 
the clear span in feet, and divide the product by eight times the 
depth of the girder in feet ; the quotient will bo the strain at the 
centre on either flange in tons. 

Depth of girder - 1-667 34 tons' load, 

8 20 fee t span, 

13-336 )680*000(50-9 tons' strain. 
66680 



132000 
120024 

11976 



Practically, the sectional area for such girders is so 
proportioned as to allow a safe strain of 4 tons per 
square inch both in tension and compression, no allow- 
ance being made for loss by rivet holes. This, in fact, 
amounts to the same as allowing 5 tons for tension per 
square inch of nett effective area and 4 tons per square 
inch in compression ; for it will generally be found that 
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the effective sectional area of tlie bottom flange is about 
four-fiftlis of the gross sectional area ; hence if the top 
and bottom flanges be made of the same gross sectional 
area the proper proportions will be obtained. In the 
example selected the sectional area of either flange at the 
centre will be found thus : — 

4 )o0-9 tons' strain, 

12-725 square inches. 

The thickness of the wall being 2 bricks, or 18 inches, 
the breadth of the flanges of the girder should not be 
less than 15 inches, — and the thickness may be taken 
at half an inch, the flanges to be attached to the web 
by angle-irons to be 3 inches by 3 inches and half an 
inch thick. To find the sectional area of an angle-iron, 
the following rule may be used : — 

Rule. To find the sectional area in square inciies of an angle-iron 
add together the lengths of its two limbs or sides in inches, 
from the sum subtract the thickness of metal in inches, and 
multiply the remainder by the thickness in inches ; the pro- 
duct will be the sectional area in square inches. 

The two sides of each angle-iron each measure three 
inches, the thickness of metal is half an inch, hence the 
area is formed thus : — 

3 inches on side, 
3 do. do. 

•5 inch thick. 



5-5 
•5 inch thick. 



[iron. 



2-75 inch sectional area of each angle- 
There are two angle-irons to each flange, hence the 
gross sectional area of each flange will be — 
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Flange plate, 15" by ^" . . .7*5 square inches, 

"75 do. 
75 do. 



Two angle-irons, 3" by 3" by i" \^'[ 



13 00 square inches, 

which gives a very slight excess over that required, 
12,725 square inches. 

This sectional area will be continued throughout tho 
girder, as in those of small span it is not worth while 
varying the sections to accommodate them to the dimin- 
ishing strain towards the points of support. 

The rule for determining the sectional area of tho 
flanges at the centre becomes much simplified if we 
assume that the ratio of depth to span of one-twelfth is 
adhered to, thus — 

EuLE. To find the sectional area of either flange at centre, mul- 
tiply the total load on the girder in tons by three, and divide 
the product by eight. Or, multiply the total load on tho 
girder by 0*375. 

Thus, in the above case — 

34 tons' load. 
•375 



170 
238 
102 

12-750 



The slight deficiency in the area previously obtained 
is due to the omission of decimals in calculating tho 
strain, which is in reality somewhat more than 500 
tons on each flange. 

If the flanges be made of plates 10 feet in length 
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there will be one cover plate required on each flange ; 
the length of it must be determined. Let the girder be 
put together with rivets three-quarters of an inch in dia- 
meter pitched three inches apart from centre to centre. 
The joints are to be butt joints, according to invariable 
practice. As we have previously shown, there is no 
necessity for having long cover plates over joints in the 
compression member, but yet in such small work as that 
under consideration it is usual to make the covers on 
both flanges alike ; hence we shall take them to be so. 
Taking the nett area of the flange (there being two 
rows of rivets) we find — 

13-00 sq. in. gross area. 

•75 do. loss by two rivet holes. 

6500 
9100 



Areaof frivet, 0-44) 9-7500 ( 221 

88 



95 
88 



70 



Hence we must use on each side of the joint 24 rivets, 
or 48 rivets altogether in the cover plate ; that will be 
24 rivets in each row ; and as the pitch of the rivets is 
3 inches, the length of cover plates is thus found : — 

24 rivets, 
3 -inch pitch, 

72 inches. 

Or, each cover plate must be 6 feet in length. Some- 
times, in order to save metal in the cover plates, the 
rivets are pitched closer whore they occur ; thus in the 
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present case, by pitching tliem 2 inches apart where 
the covers occur, the length saved on each cover plate 
would bo 2 feet, but the arrangement would require' 
16 extra rivets in each flange, hence it becomes a ques- 
tion whether there be any saving or not. This is not 
an imaginary case, as in many instances when setting 
out girder work which has been taken at a very low 
price, we have been obliged to consider every trifling 
detail, and have at times had as many as four different 
pitches in one girder. 

The amount of metal saved on each cover will be a 
piece 15 inches by 2 feet and half an inch thick, but one 
square foot of wrought-iron one quarter of an inch thick 
weighs 10 lbs., hence the weight of this piece will be — 

1-25 feet, 
2 feet, 

2-50 
20 lbs. per sq. foot of J" plate. 

50-00 lbs. 

The saving of this will stand against the cost of 16 
extra rivets. 

Taking iron at £9 10*. per ton the cost of 50lbs. will 
be thus found : — 

£ 8. 

9 10 
20 



190 shillings per ton, 
50 lbs. of iron, 



lbs. per ton, 2240 ) 9500 ( 4*24 shillings. 

8960 

5400 
4480 

9200 
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This shows a saving of 4/3 on each cover plate ; the 

extra cost of rivets, taking them at 2d. each, will bo, 

16 rivets, 
2d, 



32 p ence, 

being an outlay of 2/8, hence the actual saving by 
putting the rivets closer together where the cover plates 
occur will be 

8. d, 

4 3 
.2 8 



1 7 



and as there are two cover plates to each gbder, the 
saving per girder will be 3/2, 

According to the rules already laid down the greatest 
shearing strain on the web is equal to half the total 
load, or 17 tons, and allowing 3 tons per sectional square 
inch as safe stress on the web, we find 

3 ) 17 tons' load, 
5-66 square inches. 



The depth of the web is 20 inches less the thickness 

of the top and bottom flange plates, or 

20 inches total depth, 
1 inch sum of thickness of flange plates. 

19 inches depth of web. 

Lot the web be -^ of an inch in thickness, then 

19 inches deep. 



16 ) 95 ( 5*9 square inches. 
80 

Tio 

144 



6 
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Each end of the girder should be strengthened by an 
end plate of the same thickness as the flange plates, and 
there should also be three T irons on each side of the 
web to act as stiffeners ; these should measure five 
inches on the back by three through the feather, tho 
metal being half an inch thick. These T irons will also 
serve as covers to the joints in the webs. We can now 
proceed to calculate the weights of the girder under con- 
sideration : — 

A bar of iron 1 square inch sectional area and 1 foot 
long weighs 3J lbs., and from this datum we can deter- 
mine our quantities. In the first place we have plate 15 
inches by i inch ; that is, 7*5 inches in area, the length 
used being 

Feet. 

Two flanges, each 20 feet - . 400 
Two covers for each — ea. 4 feet 8*0 
Two end plates — ea. 1 ft. 8 inches 3'3 



51*3 feet length, 
7*5 inch. area. 



2565 
8591 



384-75 

3*34 lbs. per ft. 



153900 
115425 
115425 



1285-0650 lbs.of plate 
=— 15" by i\ 
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The web plates amount to 20 feet of plate, having an 
area of 5'9 inches : — 

20 feet length, 
5*9 inches' area. 



180 
100 

118-0 
3-34 lbs. per foot. 

472 
354 
354 

394-12 lbs. weight of web. 

Of angle-iron running round the girder on both sides 
of the web, we have 

Feet 

Top and bottom flanges 80*0 
End plates • . . 6*6 



86-6 feet length, 

5-5 square inches' area 

of angle -iron 

4330 

4330 



476-30 

3-34 lbs. per foot. 



19052 
14289 
14289 

1590 842 lbs. weight of 
=''===^ angle-iron. 



114 THE APPLICATION OP IKON 

The length of T-iron stilTeners (six, each 19 inches) 
will be 9*5 feet; the sectional area is thus 
found : — 

5 inches' breadth, 
3 „ depth, 

8-0 
•5 inches' thickness, 

7-5 
•5 inches' thickness, 



3*75 square inches' area. 



Henco the weight of the T irons will bo— 

9 '5 feet length, 
3*75 inches' area. 



475 
665 
285 

35-625 

3-34 lbs. per foot. 



142500 
106875 

100875 

■I ^— »— « 

118-98750 lbs. weight of T iron 



By adding all these weights together, and allowing 5 
per cent, for rivet heads, we get the total weight of tho 
girder, dropping the decimals — 
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lbs. 

Plates, 15 incli by J inch . • 1285 

Wobs, 19 inches by A „ . 394 

Angle-iron, 3 inch, by 3 inch, by J inch 1591 

Tee-irons, 5 inch, by 3 inch, by J inch 119 

3389 
5 per cent, for rivets . 169 



2240 )3558( 1-59 tons 
2240 [nearly. 

13180 
11200 



19800 



Assuming this work can be completed at £12 per ton, 

tho cost per girder will be — 

1-59 
12 



£ 19-08 
20 



8. IGO 
12 



d. 7-2 



In all, £19 1/7. Let us now see what amount per cent, 
was saved on this by shortening the cover plates to four 
feet. Tlie total cost is £19*08, the saving effected is, 
per girder, 3/2, which is equal to £0*154 neai'ly — 

•154 
100 

19-08 ) 15-400 ( .0-8 per cent. 
15264 



136 



Iloace this saving is hardly worth effecting. 
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Such girders as this, when put up, should bo very 
carefully bedded, so as to avoid any lateral or twisting 
force upon them, and the rivets on the bottom flange at 
each end where the bearing is taken on the points of 
support, should be countersunk flush with the surface of 
the girder, so that the plate itself may take a bearing on 
the piers. Beams thus used to support walls are not 
usually liable to much vibration ; but in some cases they 
are, as, for instance, when used in buildings which, 
being founded on sandy soil, are shaken by passing 
vehicles. 

The method of designing the girder will be the same 
in all cases where the load is uniformly distributed, but 
the amount of such load must always, in the first- 
instance, be very carefully determined. 

If the load, or a portion of the load, consist of an 
assembly room, where there is liable to be a crowd, the 
greatest weight of people that the room can hold must 
be taken as the maximum load. 

It may be safely assumed that six men will occupy one 
square yard of floor surface, each man on the average 
being supposed to weigh 160. pounds; hence, the live 
load which may come upon any floor per square yard is — 

160 




960 lbs. 



Hence, to find the total load on any given floor, wo have 
the following rule : — 

Rule. To find the maximum load that can come upon any floor 
duo to persons standing on it, multiply the length in feet by 
the breadth in feet, and divide the product by 21, then tho 
quotient will be the live load in tons. 
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Example. — Eequired tlie load in tons on a floor 50 foot 

by 75 feet :— 

75 
50 



21 )3750( 179 tons (nearly), 
21 



1G5 
147 

180 



Of course no general rule can be given for merclian- 
dise, the weight of which must be ascertained for each 
special case. 

It does not always happen that the girders used in 
buildings are under a uniformly distributed load, as 
sometimes they are required to sustain a central load or 
some other concentrated load. The stress thus thrown 
upon the flanges may be determined by the rules 
already laid down in a previous chapter. The maximum 
strain in each case will be immediately under the load. 
Supposing the ratio of depth to span adopted to be as 
above taken, 1 to 12, then the rule for the area of flange 
of a wrought-iron girder for a central load will be : — 

HuLE. To find the sectional area of either flange in square inches, 
multiply the load in tons by 0*75 for a central load. 

Example. — Eequired the sectional area of the flanges 

'of a girder to support a load of 156 tons in the centre 

of its span. 

156 tons' load, 
•75 



780 
1092 



117-00 sectional square inches. 
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If tlie load is not central, the following nilo will 

serve : — 

EuLE. To find tho sectional area of either flange nncTer a concen- 
trated load not in the centre of the girder, multiply the dis- 
tance of one point of support in feet from the point of application 
of the load by the distance of the other support in feet from 
the load ; multiply tho product by the amount of the load in 
tons £ind by 3, and divide by the square of the span in feet ; — 
the quotient will be the required sectional area in square inches. 

■Example. — Let it be required to find the sectional 
area of either flange of a girder 20 feet in span, which 
has to carry a load of 14 tons at a distance of 7 feet 
from one pier ; then the distance from the other pier 

will be 13 feet. 

13 feet, 

91 

14 tons' load, 



364 
91 

1274 
3 



Square of span, 4,00 )38,22 



9-555 square inches. 



If, however, there be two equal loads placed equi- 
distant from the centre of the span, then the maximum 
strains will exist at the two points under such loads, 
being equal ; and the sectional area of the flange may 
be found from this rule : — 

KuLE. To find the sectional area in square inches of either flange 
of a girder to carry two equal loads placed equidistant from 
tho centre of the span, multiply one of the loads by its 
distance iiom. the nearest point of support in feet, and divide 
tho product by four times tho depth of the girder in feet. 
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Example.— A girder is required to carry two loads of 
1 1 tons each, so placed as to be each one 9 feet from 
the nearest pier or point of support, the depth of tho 
girder being 2 feet : — 

Feet. 

Depth of girder, 2 11 tons' load, 

4 9 feet distance. 



8)99 



12 '375 square inches. 

It will here be noticed that so long as the distance of 
the loads from the piers remains unaltered, the span of 
the girder does not enter into the calculation of the 
area. 

When the loads to be carried are very considerable, 
it is usual to apply girders having double webs, being 
like two I girders put together thus, II forming what 
is called a box girder. These also possess greater 
lateral rigidity than the single-webbed girders, and are 
specially suitable where wide flanges are required, in 
which case the flanges gain much in rigidity by the 
additional web. 

In designing ordinary girders for building purposes, 
the stiffeners should be in proportion to the angle-irons, 
and placed on both sides of the web, if single, or one 
outside each web, if double, at distances of about five 
feet apart. If there is much vibration, the stiffeners 
must be put closer together, and where very heavy loads 
are to be sustained, one or two extra stiffeners should 
bo introduced over the points of support. If the general 
angle-irons be 3 in. by 3 in. by i in., the tee-irons 
should be 5 in. by 3 in. by J in. ; if the an^es are 4 in. 
by 4 in. by f in., the tee-iron should be 6 in. by 3iin. 
by fin. 
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As a general rule, the metal of angle irons slioiild 
never in thickness be less than ^ of the length of the 
longest side. 

Thus an angle-iron 4 inches by 3 inches should not 
bo less than i-inch thick. A very serviceable-sized 
angle-iron for average work is that which measures Sc- 
inch by 3i inch by i inch thick. If angle-irons having 
unequal sides are used, the broadest side should be 
placed against the flange of the girder, as the more 
metal there is at the greatest distance from the centre 
of the girder the greater will be its strength. It is 
evidently desirable to have as few joints in a girder as 
possible ; hence it is desirable to have the plates £is 
long as may be without running to extra expense, for 
when plates get over a certain weight they require 
extra men to handle them, hence cost more per ton, 
both in production and in subsequent working. Ten 
feet is a very convenient general length for flange- 
plates, but if light they may sometimes be used 12 to 
15 feet in length. Angle-irons up to 4 inch by 4 inch 
by i inch may be easily obtained over 30 feet in length, 
hence in nearly all warehouse and similar girders the 
angle-irons can be run in one length from end to end 
of the girder, thus avoiding any joint in the angle- 
irons. 

In applying stiffeners to a girder on the sides of the 
web, it is evident that their ends must be bent or 
joggled or else have a packing-piece under it, the latter 
plan being generally the most economical. 

These two methods are shown in Fig. 31. In the 
first view the T-iron stifiener is bent. A ia a plate of 
the main flange in section, b the web, and c the T-iron 
bent as shown at the top over one limb of the angle- 
iron, which unites the flange to the web-plates of 
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Rr 



3 



the ^der. In the second view d shows the flange- 
plate, e the web-plate, and / the T-iron stiffener, which 
is brought up to the j'^^. 31, 

level of the vertical A l 7- ■■ 
limb of the angle-iion Ml 

by having under- ^ ' ' 

neath it a packing- 
piece shown shaded 
aty. 

The method to be 
adopted depends upon the length of the stiffeners prin- 
cipally, for which the cost of bending the ends is 
constant and independent of length ; • the weight and 
cost of packing-pieces vary directly as their lengths 
hence there is a point at which the cost of working 
the iron is equivalent to the cost of packing-pieces. 

We must now pass from girders to treat of the 

columns by which they are frequently supported, and 

which are also commonly applied for other purposes 

where loads have to be sustained. Hollow cast-iron 

columns are most commonly used, and their strength 

was some years back determined experimentally by the 

late Professor Eaton Hodgkinson, who tried columns of 

Low moor iron and arrived at the following rule, which, 

however, can only be worked by the aid of a table of 

logarithms. 

KuLE. To find the "breaking weight of a hollow cast-iron column 
in tons, multiply the logarithm of the outer diameter in incheg 
by 3-6, and also multiply the logarithm of the inner diameter 
in inches by 3*6 ; find the natural nimibers corresponding to 
the two logarithms thus obtained and subtract the latter from 
the former, multiply the remainder by 44. Find the logarithm 
of the length in feet, multiply it by 1*7, find the natural 
number corresponding to this logarithm, and by it divide the 
former product. 
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This rule applies to columns having a length of not 
more than 30 times the diameter. 

Example. — ^Required to know the breaking weight of 
a column 14 feet high, 12 inches outside and 10*5 inches 
inside diameter. 

(The logarithms are found from the Table of 
Logarithms of NumhevBy p. 35 of the Author's "Engi- 
neer's Pocket Eemembrancer.") 

Log. outer diam. (12 in.) 1-079181 

3-6 



6475086 
3237543 




3-8850516 


Number 7675 


Log.innerdiam.(10-5in.) 1-021189 

3-6 




6127134 
3063567 




3-6762804 


Number 4745 


-. 


2930 
44 


N 


11720 
11720 




128920 



!rhis is the first product r— 
Log. of length (14 feet) 1-146128 



8022896 
1146128 



1-9484176 Number 88-S 
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88-8 ) 128920-0 ( 1452 tons nearly. 
888 



4012 
3552 

4600 
4440 

1600 

Hence, allowing ^ as tlie safe working strength of tlio 
column, we should have — 

8) 1452 

181-5 tons' safe load. 



CHAPTEE VI. 

IBON BOOFS. 

FnoM its strength, durability, and incombustible nature, 
iron is a material eminently suitable for the construc- 
tion of roof principals and purlins for warehouses, rail- 
way-stations, factories and store-houses ; and, more- 
over, it admits of being arranged in such forms as will 
occupy a minimum space. Eoofs admit of being clas- 
sified under four distinct heads : — 

1st. Eoofe supported by triangular trusses or prin- 
cipals. 

2nd. Hoofs supported by arched trusses or principals. 

3rd. Eoofs supported by straight girder trusses or 
principals. 

4tli, Eoofs supported by dome-shaped framework. 

G 2 
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Tae actual loads to irhidi a roof may Le sabject con- 
sists of three elements, tiz. : — 

The weight of the main prindpals, &c^ 
The weight of the covering nsed. 
The weight of aiow, ice, &e. 

for anv particular case the two first elements will be 
constant, but the last mnst be taken for maximnm cases. 

The load dne to weather can of course onlr be de- 
tennined £rom the nature of the climate in the localitv 
for which the roof is required, by which also to a Tery 
great extent the material used for the corering wiU bo 
determined, but conjointly with the purpose to whicli 
the structure is to be applied. Thus in some cases, 
such as for sheds in temperate climates, corrugated iron 
sheets, weighing 6 or 7 lbs. per square foot, may be used, 
whereas in other instances, as for exposed buildings in 
tropical climates, thick corerings of sand or concrete 
may be required to exclude the intense heat, and wc 
have known of cases in which it has been stipulated 
that roof principals should bo tested with a load of 
100 lbs. per square foot of area. In such positions, as 
we are much exposed to wind, care must bo taken to 
prevent the covering being blown off by the wind 
getting underneath. 

Obviously in all cases of roofs the load may be taken 
as uniformly distributed over the whole area of such 
roof, hence if it be required to find the load on any 
one principal it may be done by means of the following 
rules : — 

BuLE. To find the total load on any main principal in pounds, 
multiply the total load per square foot by the span of the 
principal in feet and by the distance between two conti|juou3 
principals in feet, the product will bo the total distributed 
load in pounds on each principal. 
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Example. — Let it be required to find the total load in 
pounds on a principal in a roof 50 feet span, the load 
per square foot being 30 lbs., and the distance between 
the principals 10 feet : — 

30 lbs. load per foot, 
50 feet span of principal, 

1500 

10 feet distance between principals, 

15000 lbs. total load on principal. 

Tliis may, if required, be reduced to tons by dividing 
by 2240 thus : — 

2240 ) 15000 (6-69 (say) 6-7 tons. 
13440 



15600 
13440 

21600 
20160 

1440 



To find the load per foot run of the main principals, 
wo have — 

EuLE. To find the load in pounds per foot run on a main principal, 
multiply the load in pounds per square foot of roof by the 
distance in feet between two principals— the product will b» 
the required load. 

Example. — Let the load per square foot be 25 lbs., 
and the distance between the principals 12 feet, then 

25 lbs. load per square foot, 

12 feet distance between principals, 

300 lbs. load per foot run of principal. 
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Let US take, as a general example, a liglit shed-roof of 
wliich. each principal consists of two rafters meeting at 
the centre of the span, and having their ends tied by a 
horizontal tie-bar supported in the centre by a vertical 
tie-rod passing up to the crown of the roof. The two 
rafters will sustain the load, their ends being prevented 
from spreading by the tie-rod connecting them; the 
vertical rod only serves to prevent the tie-rod from 
sagging. This will in effect be the truss shown in 
Fig. 13, but in an inverted position. 

Let the span of the roof be 12 feet, its rise or height 
in the centre 2 feet 6 inches, the length of each rafter 
will be 6 feet 6 inches. 

Let the maximum load be 20 lbs. per square foot, and 
the distance of the principals apart 10 feet, then, by 
the above rule, the load on each principal will bo 
found, — 

20 lbs. load per foot, 
12 fept span, 

240 
10 feet distance between principals, 

2400 lbs. load on principal. 

But the rafters being equal, each of them will carry 
one half of this load, or 1200 lbs., and the maximum 
strain on each rafter will be found from the rulo as 
follows : — 

Rule. To find tlie maximum strain on each rafter, multiply the 
load in pounds on the rafter by the length of the rafter in feet, 
and divide the product by the height of the roof in feet ; tho 
quotient will be the strain on the rafter (thrust) in pounds. 

This, the maximum strain on the rafter, occurs at its 
root, from which point the thrust diminishes towards 
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the crown of tlie roof; but tlie practice is, in build- 
ing large roofs, to make the rafters of the same sec- 
tional area throughout. 
In the above case the maximum strain is thus 

found : — 

1200 lbs. load on rafter, 

6*5 feet length of rafter 

6000 
7200 



Height of roof 2*5 ) 7800-0 ( 3200 lbs. thrust on rafter. 

75 



50 
50 



Allowing 6000 lbs. per square inch of sectional as a safe 
strain on wrought-iron, the theoretical area of the rafter 

would be 

6000 ) 3200 lbs. thrust, 

0*533 square inches, 

which would be furnished by a T iron of which the web 
was 1 J inches, and the back or flange 1 inch wide, the 
metal being J-inch thick ; but this would be insufficient 
to carry the transverse or bending strain due to tho 
load on the rafter; hence it will be necessary to use 
stronger rafters, or to carry a strut from the foot of the 
central vertical tie or king-rod to the centre of tho 
rafter. 

We will consider the web part of the T iron as 
carrying the load in the manner of a beam resisting 
transverse strain, and determine what depth would be 
requisite, the thickness of metal being taken at half an 
inch, to sustain the load of 1200 lbs. which rests upon 
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each rafter. The effective span of each rafter is repro- 
sented by the horizontal distance between the foot of 
any rafter and the centre or crown of the principal; 
this will evidently be one half of the whole span of the 
principal, and therefore 6 feet, the load being uniformly 
distributed. The rule by which the depth of the bar 
wiU be determined is as follows : — 

KuLE. To find the depth in inches of a wrought-iron bar to cany 
a load producing transverse strain, multiply the load in 
pounds by the span of the bar in feet, divide the product by 
600 times the breadth in inches, then the square root of the 
quotient will be the required depth in inches. 

As resistance to transverse strain is a property requi- 
site in roof rafters, the T irons used in their construc- 
tion are usually made of a depth which is large in 
proportion to the width of the flange or back of the 
Tiron. 

Applying the foregoing rule to the case under consi- 
deration, we obtain the following result : — 

Breadth of bar 0*5 1200 lbs. load on bar, 

600 6 feet span of bar. 

300-0 ) 7200 

24 



The square root of 24 is nearly 5 inches ; hence, in this 
case, it would be preferable to apply the strut referre^I 
to, when the depth of the T iron might be safely reduced 
to 2 inches, sufficient strength being given by a bar 
2 inches by IJ- inches by i inch thick; but by adopting 
this arrangement it must be remembered that one half 
of the load on the whole principal will be transmitted 
through the king-rod or vertical tie, thus producing on 
it a strain of 1200 lbs. 
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If we allow 10,000 lbs. per sectional square inch as 
safe load upon wrouglit-iron suspension rods, the sec- 
tional area required for this tie-rod will be 0*12 square 
inch ; hence we may apply a round bar 7-16 of an inch 
in diameter, which will give an area of 0*15 square 
inches. 

The strain on the tie-bar joining the lower extremities 
of the rafters will be found from the following rule : — 

RiTiE. To find the tension on the tie-bar in pounds, multiply the 
whole load in pounds on the principal by the span of the 
principal in feet, and divide the product by eight times the 
rise of the roof in feet ; the quotient will be the required 
tension in pounds. 

In the present case the whole load on each principal is 
2400 lbs. 

Eise of roof 2-5 2400 lbs., 

8 12 feet span, 

2,0-0 ) 2880,0 

1440 lbs. tension on tie-rod. 



Allowing, as before, 10,000 lbs. per square inch as safe 
strain, the area of the horizontal tie must not be less 
than 0*144 square inches; hence a half-inch round rod 
may be used, which will give an area of 0*196 square 
inch. 

The joints of the rods and struts may be determined 
according to the general principles and methods shown 
in Chapter lY. 

If the roof be pitched at such a slope that snow 

instead of lodging on it slides off, not being obstructed 

by parapet walls, then the load becomes so exceedingly 

.slight in cases like that under consideration, that the 

roportioning of the rafters and ties becoTCLQ^ ^ iii!»t<5v 
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matter of adopting a rigid form, and in many cases 
"wliere corrugated iron forms the covering, it is not 
necessary to have any principals at all in the work — the 
corrugated iron being curved to a circular form, and so 
retained by light tie-rods. 

We will now take an example of a roof of a larger 
description of which we shall assume the principals to 
be circular arches, having the section of an ordinary 
flanged plate girder. 

Let the span of the roof be 120 feet, its rise being 
15 feet, and the distance between the principals 20 feet, 
and the maximum load, per square foot, 40 lbs. The 
total load on each principal will be — 

40 lbs. per foot, 
120 feet span, 

4800 

20 ft. distance between principals, 

96000 lbs. 



Or reducing this to tons, we have 

2240 ) 96000 ( 42-85 tons nearly. 



8960 

6400 
4480 

19200 
17920 

12800 
11200 

1600 



To find the thrust at centre we have the following 
rule : — 
BuLE. To find the strain in tons at the centre of an arch, multiply 
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the total load in tons on the arch by the span of the arch in 
feet, and divide the product by 8 times the rise of the arch in 
feet. The quotient will be the required strain. 

In the present case we have 

Eise - 15 42*85 tons load, 

8 120 feet span, 

12,0 )514,2-00 

42-85 tons strain at centre. 



aoii 



For this class of work we may allow 4 tons per sec- 
tional square inch as a safe strain, hence the sectional 
area required at the centre will be 

4)42-85 

10-7125 square inches. 



The total depth of the central section may be made 
ID inches, and the width of the flanges 5 inches, the 
thickness of the flanges being f ths of an inch, and that 
of the web plates J-inch, these being connected together 
by angle-irons 2 inches by 2 inches by f -inch thick, 
then the sectional areas will be as follows — being deter- 
mined by rules already given in a previous chapter : — 
Sectional area of 2 flange plates, 5 in. by |-in. 3-75 sq. ins. 
,, ,, 4angleirons, 2in. by2in.byf-in. 5*43 ,, 

,, ,,1 web plate, 9 J in. by J-in. - 2*31 ,, 



Total sectional area - 11*49 



>> 



Thus we have a sectional area somewhat in excess of 
that required according to the calculation. 

The width (or depth) of the web plate is found by 
deducting the sum of the thicknesses of the flange plates 
from the total depth of the girder ; thus the thickness 
of each flange plate being |-inch the sum of the thick- 
nesses of the two will bo -J-inch, which, deducted fi'om 



) 
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10 inches, the total depth of the rib, leaves 9 J inches for 
the depth of the web plate. 

"We must, in the next place, ascertain the sectional 

area at the points of support, or abutments, the strain 

at which point will bo found by the following rule : — 

Rule. To find the thrust in tons at the abutment of an arch, 

square the thrust in tons at the crown of the arch and add to 

it the square of half the total load in tons on the arch, extract 

the square root of the sum, and the result will he the thrust in 

tons on the abutment of the arch. 

As stated above, the strain at the centre or crown of 

the ribs is 42*85 tons, and the total load on the arch is 

also 42*85 tons, hence half the total load on the ribs 

will be 

2 ) 42*8 5 

21*425 tons. 



The thrust at the abutments will be found as follows : — 

42*85 thrust at centre, 
42*85 „ 

21425 
34280 
8570 
17140 



1836*1225 square of thrust at centre. 



21*425 tons half total load, 
21*425 



n n 



107125 
42850 
85700 
21425 
42850 



459*030625 square of half total load, 
1836*1225 squ are of thrust at centre, 

2295*153125 sum of squares. 
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The square root of this sum must now be extracted ; 
it will be enough for practical purposes to take it to 
four places of decimals. 

4 ) 2295-153i ( 47-90 tons nearly. 
J^6 

87 ) 695 
j609 

949 )~86i5 
8541 



9580 ) 7431 

Allowing, as before, 4 tons per inch as safe strain on 
the metal, the sectional area required at the abutments 
will be — 

4 ) 47-9 

11*975 square inches. 



By gradually increasing the depth of the rib from the 
centre towards the abutments, so that at the latter it is 
13 inches deep, the additional area due to increased 
depth of web will be equal to 3 inches by J -inch, or 
0*75 square inches ; hence, adding this to the sectional 
area at th9 centre of the rib, the sectional area at the 
abutment will be — 

11*49 inches at centre, 
•75 ,, additional, 

12*24 ,, at abutments, 

which is slightly in excess of what is required by 
calculation. 

A few remarks are now necessary as to the con- 
struction of the ribs or arched principals. 

The correct form for an arch which is loaded with an 
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• 

uniformly distributed load is tliat of the parabola, but tlie 
true curve will, in the case of arches formed as circular 
sesnnents, be found to be contained between the inner 
and outer flanges — that is, between the intrados and 
extrados of the arch — provided that the rise of the arch, 
or its versine, be not very great in proportion to the 
depth of the ribs, hence the circular form is commonly 
adopted. There is, however, no reason why the arch 
should not be made to a parabolic curve, as it is as easy 
to sot out in marking the metal as is the circle. 

A rib of the description to which we have been 
referring should have stiffening irons of angle or tee 
iron rivetted on to the web at intervals of four or five 
feet, or sometimes closer, as the web being made thin 
is not of itself sufficiently rigid to preserve the relative 
distances of the top and bottom flanges of the rib. 
These sttffeners are usually proportioned according to 
the size of the angle-irons used to connect the flange 
plates with the web plates ; thus in the present instance, 
where these angle irons are 2 inches by 2 inches by 
f-inch, if tee-irons were used they should be made 
3i^ inches by 2 inches by f-inch. The purlins, which 
are supported by the main principals, may consist of 
angle or tee irons, or where the load to be carried is 
groat they may be flanged girders, either rolled or made 
of plate and angle iron and rivetted up, but in any case 
they are calculated according to the rules already laid 
down for beams subject to an uniformly distributed 
load. The amount of load upon a purlin may be ascer- 
tained from the following rule : — 

Rule. To find the load on any purlin of a roof, multiply the load 
per square on the roof by the distance in feet between the 
main principals, and by the distance in feet between the 
purlins. The product will bo the load on one pmlin. 
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Example. — Let tlie distance between the main prin- 
cipals be 20 feet, that between the purlins 4 feet, and 
the weight of the coyering of the roof 8 lbs. per square 

foot : — 

8 lbs. per square foot, 

20 feet distance between principals, 

160 
4' feet distance between purlins, 

640 lbs. load on each purlin. 

Let it be assumed that these purlins are to be rolled 
girders four inches in depth ; it is necessary to deter- 
mine the sectional area of the flanges ; the rule for -strain 
on either flange at centre is — 

Rule. To find tlio strain in pounds on either flange of a girder at 
the centre, multiply the total load in pounds on such girder 
by the span of the girder in feet, and divide product by- 
eight times the depth of the girder in feet. 

In the present case we have — 



Depth of purlin - -33 640 lbs. load, 

8 20 ft. length of purlin 

2-66 ) 12800-00 ( 4816 lbs. strain 
1064 nearly. 

2160 
2128 



420 
266 

1540 



Prom this it will be seen that in ordinary cases of light 
covering the strain on the purlins is almost nominal, so 
that what we have to attend to is to see that they are 
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sufficiently deep to give tlie required rigidity. Let us, 
therefore, instead of considering them to be rolled 
girders, regard them as bars placed on edge and haK 
an inch thick, and determine the required depth to 
sustain the load. 

We find it as follows : — 

Breadth in inches - '5 640 lbs. load 

600 20 ft. span of purlin. 

3^00 ) 128^00 
42-66 



The square root of 42*66 must now be found- 



• • 



6 ) 42*66 ( 6*5 inches nearly. 
36 

125 ) 666 
625 



41 



Of roofs supported by straight girders, having either 
lattice or plate webs, it is here only necessary to remark 
that they are treated according to the ordinary rules for 
such girders already set forth in a previous chapter. 

The framework of a dome-shaped roof may be 
regarded as being formed by a number of arched prin- 
cipals intersecting each other at one common point; 
hence, the ribs may be treated as arches ; but in deter- 
mining the load upon each the mean distance must be 
taken between them, and multiplied by the load per 
square foot to which the roof will be subject. 

We shall not dilate further upon roofs, our object 
being to show by one or two examples how the rules 
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already fully set forth, are in practice brought to bear, 
without encumbering our space with special cases of a 
lengthy description. 



CHAPTEE VII. 

IRON FLOOES. 

iROn floors are used for two reasons. In the first place, 
iron is the most suitable material to employ where very 
heavy weights have to be supported ; and, in the next, 
it is fire-proof; and it may also be added that in many 
places iron girders act as ties to the walls of large 
buildings. 

As to the calculations of the girders used in iron floors 
but little need be said in this place, as, the loads being 
given, these gii'ders are, as a matter of course, calcu- 
lated in precisely the same manner as those employed 
for any other purposes where loads have to be sus- 
tained. 

On the other hand, as regards the application of iron 
to fire -proof floors, there is much to be remarked both 
pro and con. What is required in a fire-proof fioor is : — 

1 . That it shall be incombustible. 

2. That it shall not spread combustion by transmitt- 
ing heat freely from one combustible body to another. 

3. That it shall not lose its strength or rigidity under 
the action of the greatest heat likely to be evolved in 
accidental fires in buildings. 

4. That the materials of which it is composed shall 
not injure the walls of the building of which it forms a 
part. 
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The first condition is perfeedy complied with in iron, 
as, although this metal is chemically combustible, yet 
practically it is perfectly incombustible in large masses. 

The second requirement demands careful considera- 
tion, for it is certain that iron is a good conductor of 
heat, and wiU, in fires of long duration, become red hot, 
or even white hot, in which case it may, when other 
circumstances favour such a result, cause a fire which 
has occurred in one apartment to be transmitted to one 
above or below it, hence iron girders used in the con- 
struction of floors should not be so arranged as to allow 
of their remaining in contact with combustible bodies. 

To fulfil the third condition cast-iron is evidently 
better suited than is wrought, as the latter from its 
malleability will soften when exposed to a very high 
temperature, and is, therefore, more liable to bend and 
give way than cast-iron, though the latter will some- 
times fail by cracking. 

The last stipulation iron scarcely accords with, on 
account of the changes of size which occur under 
changes of temperature ; thus the expansion and con- 
traction of long girders under the influences of a fire 
and the subsequent cooling may seriously impair the 
stability of the walls of a building. 

Considering all things, then, we observe that when 
iron is used in the construction of a fire-proof floor it 
should itself be protected from fire as much as possible, 
and that for several reasons : &rst, in order that it may 
not become red hot, and by conducting the heat from 
one place to another extend a conflagration ; second, to 
counteract great and rapid changes of dimensions by 
excluding heat, or rendering its influence upon the 
metal more gradual in its action ; and thirdly, to pre- 
vent the girders from being cracked or split through 
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water falling upon tliem when in a highly heated con- 
dition. 

Hence we come to the conclusion that to attain the 
most satisfactory results the floor must be of a compound 
character, consisting of iron in combination with some 
non-conducting material. 

A method rather extensively used some years since 
consisted in laying brick floors on cast-iron girders ; the 
♦girders were made of the ordinary section proposed by 
Eaton Hodgkinson, — that is, having a small topflange 
and a large bottom one, — ^and being placed parallel to 
one another, brick arches were turned between them. 
The spaces on the springings of the arches were filled in 
with concrete or some other similar composition, which 
is a bad conductor of heat, and therefore prevents the 
iron from conveying the heat from one apartment to 
another ; but here the difficulty of expansion and con- 
traction is not overcome, for the lower flanges of the 
girders are exposed to heating from the combustion of 
materials beneath them. 

Another kind of fire-proof floor is made of bricks so 
formed as to fit together, somewhat after the style of 
a joggled joint, but in such a way as to form a very 
fiat brick arch, having a very trifling rise. Of course in 
such an arrangement the thrust at the springing sides of 
the floor is enormous in proportion to the load supported, 
but this does not come upon the side walls, being taken 
up by a number of tie-rods, which may pass under or 
oven through the bricks, which are made hollow. There 
is much ingenuity in this mode of construction, but 
there are two causes of failure to be apprehended. The 
tie-rods being of wrought -iron would be apt to become 
ductile in the temperature accompanying a fire of any 
magnitude, when, stretching even a little, so flat an arch 
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as that tied by it would yield under its own weight, and 
by falling form a new source of danger. Again, there 
is the possibility of ordinary changes of temperature 
between summer and winter, causing a settlement of the 
arched floor, and a corresponding displacement of the 
walls of the fabric in which it is contained. 

In making floors supported by straight girders the 
expansion and contraction of the metal may be allowed 
to proceed without producing any deleterious effects by 
inserting the ends of the girders into loose sockets or 
boxes, in which they can slide, so as to allow for altera- 
tions of length accompanying variations of temperature. 
These girders may be covered with flags of refractory 
stone, such as will not very readily split with heat, and 
in addition to this the lower flanges may carry light 
plates of cast-iron, forming a sub-floor, to intercept heat 
or flame rising towards the stone above and thus render 
them more safe from cracking, besides serving to pre- 
vent their falling through, and leaving a hole in the 
floor if they should from any cause give way. This 
is a somewhat heavy floor, but we are inclined to think 
it a sound one. The stones should only rest upon the 
girders, but the cast-iron plates beneath should be 
secured to them, as they will serve to brace them late- 
rally, and will expand and contract in the same manner. 

Where flat cast-iron floor-plates are used to support 
any weight, the following rule may be useful to deter- 
mine the proper thickness of metal to use : — 

Rule. To find the thickness of cast-iron floor-plates in inches, 
multiply the square root of the load in pounds per square foot 
on the plates by the length of the plates in inches, and divide 
the product by 380, the quotient will be the required thickness 
in inches. 

Example. — -Let the length of the plates be 30 inches, 
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and the maximum load to which they will be subject 
144 pounds per square foot, which would be a fair 
allowance. 

The square root of 144 is 12, hence we have — 

12 square root of lead in lbs.' per foot. 
30 length of plates. 

380 )360-0( .97 thickness of plates 
3320 



2800 
2660 
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or something in excess of nine-tenths of an inch, hence 
practically such plates would be made one inch in 
thickness. 

Instead of using flat cast iron plates, curved or corru- 
gated plates may, with much advantage, be substituted, 
inasmuch as the curving adds very materially to the 
strength of the flooring, and so allows of thinner 
material being used. In iron floors for bridges curved 
wrought iron plates, varjdng from three-sixteenths of 
an inch to three-eighths of an inch, are now coming 
largely into use, but for the reasons abeady stated they 
are not suitable for fire proof floors. 
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CHAPTEE yni. 

MISCELLAXEOTJS IRON STRUCTL-RES. 

In addition to those iron structures which may be 
specially classified as bridges, roofe, &c., there. are 
numerous others, composed of girders, columns, &c., of 
a miscellaneous character, which we must here briefly 
notice. 

Iron piers are now frequently formed of a number of 
iron piles, screwed or otherwise simk into the ground, 
at moderate distances apart, and carrying on their 
summits the girders and flooring comprised in the 
superstructure. Formerly, cast iron piles were princi- 
pally used in these works, but during the last few years 
wrought iron piles have come pretty generally into use, 
being made of various diameters, varying from three to 
seven inches in diameter. These piles, although having 
the disadvantage of being much more costly than those 
of cast iron, yet possess superior properties more than 
counterbalancing that evil, as the wrought iron is not so 
liable to rupture from collision of floating bodies as the 
cast, and if fairly protected is also more durable, and 
less trouble in erection. On the tops of the piles are 
fitted caps, to the flanges of which the girders carrj'ing 
the platform may be bolted, and between the piles are 
ties or bracing bars to retain them in position, and 
maintain the general form and rigidity of the structure. 
The bracing bars are attached to the piles by means of 
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dips encompaBemg the piles, and liolding the ends of 



Mg. 32. 




the bracing bars be- 
tween their flanges, 
as shown in Fig. 32, 
where a represents a 
round bracing bar, 
flattened at its end, 
and formed into an 
eye, which is placed 
between the ends of 
the dipc, andsecared 
there b; the holt d, 
irhioh, in tightening 
np, also causes the 
dip firmly to embrace 
the pile I. It will 
be observed that in 
this arrangement the 
pomiion of the clip 
may be determined 
to suit the length of 
tiie bracing bar by 
slipping it up or down 
the piles, as the 
cironmstances of the 
case may require. Another mode of adjustment is 
shown at /,'which represents a screw shackle, haTing a 
right-handed screw at one end and a left-handed screw 
at the other, the shacile receiving the end g of the 
halree of the tie-bar. By this means the practical 
length of the tie may be regulated by turning the 
shadde to the right or left, according a» it may be 
desired to lengthen or shorten the tie. 
That Bome means of adjusting the length of bracing 
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bars is absolutely indispensable is evident, for it is 
impossible to be certain of putting down tbe piles of a 
pier dead true, as the inequalities of the soil may be 
such as to cause their deviation to a slight extent from 
the position which they were designed to occupy. 

When the wrought iron piles are too long to be made 
in one piece they may conveniently be joined by 
couplings, preferably made of steel, and fixed by bolts, 
as shown at e in the above woodcut. No general rule 
can be laid down for determining the scantlings of 
these bracing bars, as they are usually proportioned by 
practical experience in the construction of such works, 
regulated by a due consideration of the exigencies of 
climate, &c., to which the proposed structure wiU 
probably be subject. It may here be observed, that in 
regard to bracing designed to resist vibration, and 
ensure general rigidity, that the strains upon such 
bracing is not susceptible of calculation the same as in 
the case of inclined bars bearing loads, hence a familiar 
acquaintance with practical examples alone can guide 
us in this matter. 

Similar in general principles of construction to piers, 
are lighthouses and beacons, which may conveniently 
be carried upon iron piles, well braced together so as to 
resist the storms to which works are exposed, and, it 
will be seen, that the open braced work carrying the 
superstruction of a wrought iron light-house, by not op- 
posing so large a surface to the action of the waves as 
does a mass of solid masonry, stands much less chance 
of being injured or swept away in a hurricane. 

Moles and breakwaters have always occupied much 
attention amongst engineers who devote themselves to 
marine practice, and several methods for forming them 
of wrought and cast iron have been promidgated, and 
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one we may especially allude to. It consists of a num- 
ber of cast or wrought iron girders arranged in a step- 
like form, but at a certain distance apart, so that as the 
waves break upon the girders, the water does not rilsh 
back upon the following wave, but falls harmlessly 
through the girders into the tranquil waters, protected 
by the structure. The cast iron girders forming the 
breakwater proper may be sustained upon cast or 
wrought iron piles firmly set in the subsoil. 

In all kinds of braced structures where the supporting 
columns are of cast iron the clips may be dispensed with, 
as the tie bars can be bolted direct on to ears or lugs, 
cast in suitable positions upon the columns, as shown at 
a a a a &cin Fig. 33 which 
represents a portion of fram- *^* 

ing for a water tower, hoist, 
or other lofty work. As a 
matter of course the support- 
ing columns are proportion- 
ed according to the load they 
are designed to sustain. 
In the bracing round or 
flat, ties may be used or tie 
and angle iron bars accord- 
ing to the nature of the 
works, and the views of the 
designer. The latter sec- 
tions of iron being better 
adapted for resisting vibra- 
tion seem to us to be de- 
cidedly preferable, as when 
long roimd ties or flat bars 
are used, they ofi'er little or no resistance to vibratory 
disturbances which act in a lateral direction and hence 
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do not BufiQ.cientlj resist any force whicL. may tend to set 
the structiire in a state if general tremor which may not 
unfrequently be caused by recurring guss of wind, or by 
the motion of machinery, connected with or contiguous to 
the structure. From what we have now said about 
miscellaneous structures it will be evident that the rules 
set forth in the earlier chapters of this treatise are 
su£Q.cient to determine all calcidable sections, for every 
class of structure composed of cast or wrought iron, no 
matter what may be its form or the duty it is intended 
to perform. We shall now conclude our discussion of 
the principles upon which structures are designed and 
proceed to the not less important consideration of the gen- 
eralmethods in which such works when duly detailed are 
practically executed in the contractors, yards and shops, 
for it should always be borne in mind that it is impos- 
sible satisfactorily to design a work, unless the designer 
is acquainted with the manipulations to which the 
materials will be subjected in carrying out his plans, 
and the more thoroughly practical he is, the more econo- 
mical in execution can he make those works which are 
entrusted to him. 



CHAPTEE rX. 

THE PRACTICAL EXECUTION OF lEON STRUCTURES. 

In the present chapter we purpose discussing, in a gene- 
ral way, the principal processes to which iron is subjected 
in the course of forming it into structures of various 
descriptions. We will assume that a wrought iron 
bridge, of the plate girder description, is to be con- 
structed, and that the Engineer's plans and general 
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'drawings have been furnislied. In the first place a few 
remarks as to working drawings will be necessary, as it 
happens most frequently that the drawings supplied by 
designers require revision before they can conveniently 
be worked to ; and this is, in a great measure, due to the 
mode adopted by designers in determining the dimen- 
fiionB of the various parts of the work in hand. It is 
-always advisable to get an even pitch for the rivets in 
ihe flanges throughout; and this might, in almost all 
cases, be done, if the matter were but duly considered in 
the first place. A very convenient and general pitch for 
bridge- work of ordinary dimensions is four inches ; 
hence let a case be supposed in which that pitch is to be 
adopted — ^for the top and bottom flanges. It is evident 
that the lengths of the flange plates should be multiples 
of four inches, in order that the four inch pitch may 
work in, without any half holes in the ends, for of 
•course, at each end of a plate, the distance of the end 
jErom the centre of the last hole should be half the pitch, 
that is to say, in this case, two inches. In the angle 
irons attaching the flange plates to the web plates, half 
holes will occur, on account of the alternate pitching of 
the rivets on the two limbs of the angle iron, if it be 
out square across. This is more clearly explained 
by reference to ^^^^ 34^ 

Fig. 34, which a b 

represents an 

angle iron 

punched ready 

for rivetting. 

a h shows a 

plan of one end 

of a bar looking down upon it, in the direction of the 

arrow at the section e?, and it will be noticed that in the 
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upper row of holes there is a distance of half a pitch 
from the end hole to the end of the bar, whereas in the 
lower row of holes the end of the bar coincides with the 
centre of a rivet-hole. By shaping the end of the bar 
as shown at e, in the view e f this point is obviated, biit 
this method is scarcely ever adopted in practice, except 
for angle iron covers where the one limb is continued 
beyond the other, sufficiently far to get the room neces- 
sary for the rivet. 

The actual importance of the results produced by the 
halved rivet hole, depends entirely upon the duty of that 
portion of the structure in which it occurs ; thus, if it 
be in an element subject to compressive strain only, it is 
not of any consequence for the ends of the plates or 
bars pressing against each other, the rivet has no strain 
upon it if the work be true ; but on the other hand, if 
the member shoidd be in tension, the whole efficiency of 
the one rivet is lost, and it might as well be left out 
altogether. 

The pitch and position of rivets must also be con- 
sidered in respect to the locating of cross girdersy 
stiffening pieces, gussets and other adjuncts to the maim 
girders, hence it is very evident that if a bridge be 
designed, and the position of its various elements 
determined without due consideration of the position of 
the rivets, that much subsequent difficulty may arise ; 
and this is often the case, and it becomes necessary to 
vary the pitch, increasing or decreasing it at certain 
places, according to the exigencies of the case in hand. 
This in itself does not materially weaken or injure the 
fabric, but it is not sightly, nor is it the rtpht way to 
execute work, and, as before observed, it causes much 
trouble, and some very odd pitches are arrived at at 
times, such as 4-21 inches, pitch, &c. 
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In regard to the web plates, but little need be said 
about pitching the rivets where the joints occur, as these 
may be worked in to any convenient pitch, as shown in 
Fig. 35. a a shows a portion of the top flange plate, b b 

Fig. 35. 
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top flange angle iron, c c bottom flange angle iron, d d 
bottom flange plate, e e cover strip under which is the 
joint in the web plates, shown by the dotted line / /. 
There are usually two covers used to web plate joints, 
one on each side, and the vertical distance between the 
centre lines of the rivets in the web at top and bottom 
is divided into any convenient number of equal p^s or 
pitches, being in the case shown foiy, so that there are 
five rivets in the depth of the web plate. If the pitch 
of the rivets in the top and bottom flanges be three 
inches, it is evident that the width in full of the cover 
strip should be six inches, but in many cases a portion 
of the metal on each edge is dispensed with, and the 
strip would then be made only five inches in width, and 
this does not weaken the structure, as there is not sup- 
posed to be any longitudinal strain whatever upon the 
web plates, so long as the top and bottom flanges remain 
unimpaired in strength. 

Various opinions exist as to the relative values of 
different pitches used in bridge-work, so while on the 
subject of rivets we may express the views arising from 



160 



THE APPLICATION OP IBON 



our own experience in tlie matter. In bottom flanges in 
tension, and in other members under tensile strain only, 
it is evident that there can be no object in pitching the 
rivets closely, their sole use being to connect the differ- 
ent elements of the bridge together, and to transmit the 
strains from one part to another, and of course, where 
such duty has to be done, as in joint plates and cover 
plates, the rivets will be found in clusters pretty dose 
together. In compression members, however, the rivets 
have another duty to perform, which is to keep the 
various plates forming such members from buckling 
away from one another, as shown in the following Fig. 
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Fig. 36. 
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In Fig. 36, a a represents the edges or side elevation 
of two plates forming a compression flange, with the 
rivets pitched very widely apart. Now, as soon as. a 
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strain comes upon the member, the plates may have 
a tendency to buckle and shorten, as shown in cm 
exaggerated form at h F; and should this occur, even in 
a very slight degree, it stands to reason that moisture 
and rain will get between the edges of the plates and 
cause their rapid decay. If, however, th§ rivets were 
closer in their pitch, as shown at <?, this result would be 
far less likely to ensure, in fact the strength of rivetted 
work to resist this class of distortion, varies inversely, 
as the square of the pitch of the rivets : thus a three- 
inch pitch, xmder these circumstances^ would be four 
times as strong (to resist buckling) as a six-inch pitch. 
For narrow plates the two rows of rivets necessary for 
attaching the angle irons to the flanges, may be su£5.- 
cient to hold the plates together, but for others four rows 
as shown at d d, or more if necessary, according to the 
width of the plates are used ; and these rivets may be 
arranged in even rows as shown at d dy or may be alter- 
nated as shown at e e. The latter mode is preferable, as 
the plate is not so much weakened by the alternate as 
by the opposite rows of rivets. 

In ordinary bridge- work it is not necessary in com- 
pression members to adopt any pitch less than three 
inches, below which we only need to go, in extreme 
cases where remarkably thin plates are used, which, 
however, is seldom done, as it is evidently more con- 
venient in every way to use one-half-inch plate, than to 
have one-quarter-inch plate superposed on another; 
hence we may set down for small girders three-inch 
pitch as proper for the compression member, and six- 
inch for the tension member ; this is convenient, as the 
three-inch and six-inch pitches will work into equal 
lengths : that is, a plate suited for six-inch pitch will 
always work with three-inch pitch, and the rivets thus 
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being opposite each, other in the top and bottom flanges, 
suit equally well for the attachment of stiffeners, &c. 
As the plates in the compression flanges are made 
thicker, so may the rivets be pitched wider apart ; and 
it is very usual practice for bridges from eighty feet 
span to two-hundred feet, to adopt uniformly four-inch 
pitch for both top and bottom flanges, although a wider 
pitch may be used with advantage for the tension 
member. When four-inch pitch is used for the top, and 
six-inch pitch for the bottom flange, care must be taken 
in arranging the stiffeners, as the top and bottom rivets 
will only be opposite each other at the end of every even 
foot from the starting point, in setting out the rivets. 

At certain times, ideas have been held that very close 
pitching of rivets in the flanges, under compression, 
gives a great increase of strength, but this is a in 
practical sense utterly fallaeiom and now is in all pro- 
bability ignored by all practical engineers, for not only 
is there nothing gained by the very close pitching but 
it actually involves an element of danger, as the great 
number and close proximity of the rivet holes indicate 
-the removal of a very great portion of the metal of the 
members accompanied, very likely, by injury to the 
strength of that metal which remains to resist those 
strains which the structure is destined to sustain. 

Bivets are usually made one-sixteenth of an inch in 
diameter less than the rivet hole is drilled or pimched, 
and in the process of heading up, the rivet spreads out 
and fills the rivet hole, and the rivets, as they contract in 
cooling, draw together the various plates through which 
they pass, thus rendering the various plates as rigid 
almost as if they formed one thick plate. It may here 
be observed, that in determining the diameter of the 
rivets it should be remembered never to make it lees 
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than the thickness of the plate through which it passes : 
thus, two-inch plates require rivets one-inch in diameter 
to join them together, therefore the rivet holes would be 
punched or drilled one-inch in diameter, and the rivets 
made of round iron fifteen- sixteenths of an inch in 
diameter. In speaking of rivet holes, punching and 
drilling are mentioned, and this raises a point of great 
importance, both to designers and manufacturers of 
bridges. Amongst civil engineers there prevails a very 
great objection to punched holes on account of the sup- 
posed straining of the plates and bars due to the action 
of the punch, therefore, let us in the first place consider 
how far this objection holds good in a practical sense- 
It must be admitted that in punching a hole, the metal 
immediately surrounding that hole is somewhat strained ; 
one might almost say that the edge of the hole is in all 
probability sKghtly starred for a certain distance from 
the edge of the hole, this distance depending on the 
diameter of the whole, and the thickness of the plate 
punched. Allowing this to be the case it will be ob- 
served that the injury to the metal in punching is 
limited to a certain area, beyond which the material*' 
remains with unimpaired strength : hence in order to- 
secure sound work we may punch holes smaller than 
idtimately required, and subsequently drill out to the- 
finished size of the hole : thus if we want a hole three 
quarters of an inch in diameter in a half inch plate, a 
five-eighth inch hole may be punched and drilled out to 
three quarters of an inch in diameter, thereby removing 
the injured edges of the hole and leaving it clean to 
receive the rivet or bolt for which it is provided. 

Not only is simple drilling unadvisable on account of 
its cost but there are many practical objections to it on 
other scores. With ordinary drills and machines it may 
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be said to be practically impossible to drill a perfectly 
circular hole, as the drill will run according to the direc- 
tion of the fibre of the metal and the greater the diameter 
of the hole in proportion to the thickness of the plate, 
the worse will be these irregularities, and to properly 
Becure the plates and drills, so that perfectly circular 
holes are obtained, would be too tedious and costly to 
be adopted for bridge work, especially considering that 
the hole first punched and then drilled is equal, if not 
superior, to the hole which has been drilled through- 
out. As a general maxum holes having a diameter less 
than the thickness of the plate must be drilled, while 
those having a diameter greater than the plate may be 
punched, and very thin plates such as three-eighth, 
quarter, five-sixteenth, &c. should never be drilled for 
girder work. 

It is very evident that rivetted work will not turn out 
perfectly satisfactorily, except the holes be opposite one 
another, so that the heated rivets may pass fairly through 
them as illustrated in Fig 37. 

In Fig, a a 



hh, and e e 
show three 
plates, pro- 
perly ptmch- 
ed, and in 
position with 
the rivet in- 
serted ready 
to be headed 
up, the head 
being made 
from the me- 
tal in the 
and h of the 
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rivet which is hammered up into a head as shown by 
the dotted lines at i. If however the holes be not in 
line, but as shown dii'd d e e^ then the rivet is in fact 
partly sheared through in the process of manufacture, 
and is of course weakened in a proportionate degree. 
Care should also be taken, that the plates to be rivetted 
are in close contact, hence under the blows of the 
xivetting hammer, the soft body of the heated rivet 
may form a collar as shown between the plates //, and 
gg. It is impossible when the rivet holes are marked 
on the plates by hand one by one from templates, that 
they can be got dead true throughout — but for all 
ordinary work, they may be got sufficiently near for 
any purpose, a little rhymering out being sometimes 
necessary, but when a great number of plates are to be 
rivetted together, more accurate means of pitching the 
livet holes may be requisite ; in cases of this sort the 
midtifaxious punching machine designed by the late 
IRichard Boberts is very useful, as by its means the 
plates way be punched one after another with per- 
fect truth ; so true indeed is the action of this machinoy 
that we have after punching a large plate throughout, 
again passed it through the punching apparatus, and 
the pimches have fallen into the same holes without 
even jarring, and a pile of plates thus punched, several 
feet in height, will be so true that rods may easily be 
passsd from top to bottom of the plates through the 
rivet holes. 

Multifarious drilling machines are much used where 
very exact pitching of the rivets is required, and if well 
made they give satisfactory results. In these machines 
the plates may be drilled separately or laid together in 
piles and drilled throughout at once, the latter process 
is undoubtedly the best, but requires care in its 
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execution. The lengths of rivets will depend upon tho 
thicknesses of plate, through which they have to pass, 
and may be arrived at in the following way, add together 
the thicknesses of all the plates or bars through which 
the rivet has to pass, to that add one-thirty-second of an 
inch for each plate, and to the whole add one and a half 
times the diameter of the rivet to allow sufficient 
material to form the head. The one-thirty-second of an 
inch per plate is allowed for irregularities in the surfaces 
of the plates, preventing them from lying perfectly 
close together over their entire surfaces. 

It may here, while speaking of rivets, be well to 
mention a mistake often made by designers through 
mere thoughtlessness in arranging the size of angle 
irons, and the iron sti£feners for girder work, which is 
that they frequently determine the size of such elements 
without considering whether there is room in their 
flanges to hold the rivets necessary for their attach- 
ment to the web and flanges of the girder. — Let us 
suppose that the iron stiffeners, three inches by two 
inches by half an inch thick, are specified, and at tho 
same time three-quarter inch rivets to be used, the 

dimensions will then be as shown ^W' ^^' 
in Fig. 38. It will be seen here ^- ^ » \ 

that on each side of the web of ^^^^^f 
the tee iron there is but one and 
a quarter inches to receive the 
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three-quarter inch rivet, so that outside the rivet there 
would be but a quarter inch of metal, which would 
very likely burst out in the process of ri vetting up — 
and this case we have selected is by no means one of 
the worst that has come under our notice. 

We will now pass from this special point of rivetting> 
and proceed to consider the general manipulations io 
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which the iron is submitted in the iron yards, where 
bridges are constructed, commencing with the delivery 
of working drawings into the hands of the makers. 

The first step to be taken is to prepare the specifi- 
cation (or list) of iron, bolts, &c., which is taken from 
the drawings, either by measuring the various dimen- 
sions to scale, or working from dimensions figured on 
the drawings, which latter is of course best, as there is 
less chance of error than exists when the scale is relied 
upon. This done, the drawings are handed over to the 
template makers, and copies of any cast iron work to 
the pattern makers, so that both the wrought and cast 
iron work may be proceeded with without delay. The 
business of the template maker is to form frames or 
skeleton models of the plates, so as to comprise all parts 
where rivet holes occur, and on such templates (or 
battens, as they are termed in some yards) mark accu- 
rately out the position of the holes to be drilled in the 
various plates and bars, and driU them in the wood ; 
from these templates the iron parts of the bridge are 
marked, a stump of suitable size being dipped in white 
paint and struck through the holes in the templates 
which have previously been securely clamped on the 
iron plates to be marked. By these white marks on 
the iron the punchers are guided in handling the plates, 
under the punching machines, when those of the ordi- 
nary description are used, making one hole at a time^ 
and without seK-acting motions for working the plates 
along omder the punches. When, however, seK-acting 
punching machines are used, the templates may, for 
the greater part of the work, be dispensed with. If 
the pitch of the holes is even, as in such cases, the plate 
to be pimched is fastened to the carriage or traverse 
table of the punching machine, and when set in motion 
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that table is automatically moved between the strokes 
of the punch through a distance correspoiiding to the 
pitch of the rivets. 

The templates being completed, and sent into the 
plating shop, the marking is soon effected, and the iron 
is then ready to pass into the hands of the various 
workmen who carry out the subsequent operations. 
With ordinary flat plates and bars, punching and 
truing the edges is all that is required before putting 
the work together. The former is simple enough, 
requiring merely care on the part of the workmen to 
follow the marks as closely as possible. 

For truing the edges, in most caaes shearing, in an 
ordinary shearing machine, is all that the works needs, 
but, where eaiact butt joints are to be made, the ends of 
l^e plates must be planed, which may be done either 
with a rectilineal planing machine, or a rotating cutter. 
The latter is most convenient, and if carefully adjusted 
wiU turn out sufficiently accurate work. These cutters 
eonsists of discs, similar to the face plates of lathes, 
1)ut furnished with short cutters, which act in turn as 
the face plate revolves. Usually, a number of the 
plates are fastened together, and the ends of them aU 
planed at one operation, which both saves time and 
makes a better job than would result if they were 
planed one by one. Joints of this description are 
requisite for members in compression, where equal bear* 
ing is required throughout, but in tension members it 
is a matter of no consequence. Plates requiring to be 
curved must be passed through ordinary boiler makers 
bending rolls imtil the reqidred form, gau.ged by a 
template, is obtained, but knees and joggled stiffenexs 
and strips must be made into the proper forms by 
smiths before being punched or drilled. 
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In Fig, 39 A represents an ordinary angle, or tee 
iron, which is required to be bent at an angle 
as ahown ok S or B. It will be noticed that in the 
first case the 

horizontal part Fig. 3?, 

or OS it is com- 
monlj called, A ) i .-'T" 7 

ae table of s ""c 

ilie bar is at 
the back, or on g/ 
the outflide of 1— 
the angle, but 
in the second 




at e, and the angle iron is then bent, as shown at B, 
and the aerered edges of the web welded or shut to- 
gather, and in maldng this shut, it is of the greatest 
importance to secure soundness of worh ; for if it be 
weak, the knee is altogether useless, fbr as such knees 
are used to preserre the angular positions of other ele- 
ments, they must possess full strength at the angle. 
From the liability of such shuts as these to be defective, 
it is always well to avoid them, if possible, and to make 
the bend without serering any part of the bar. In this 
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process it is evident that the web of the bar is pressed 
into itself, being thickened or upset at the part where 
the angle occurs, and this is not in any way objection- 
able, as the thickening of the metal makes it stronger 
in the angle, but the operation should be so managed 
that the web shall not crumple or buckle up under the 
smith's handsj hence a swage block as shown at /, in 
side elevation, and g in end or front elevation, is used, 
having a groove suited to the thickness of the web of 
th^ tee iron, and made at the angle to which the bars 
are required to be bent. The bar of tee iron having 
been heated in the furnace until it is red hot, it is placed 
with its web in the groove, as shown in the figure, and 
the smith's assistant or striker draws it down over the 
angle of the block by blows upon the end, X*, of the bar, 
the sides of the groove in the block preventing any 
serious buckling of the web, which is afterwards set 
quite flat by a few blows from the sledge, subsequent to' 
its removal from the block. The section of the bar is- 
here preserved very nearly uniform throughout, the 
web is somewhat compressed into itself as it were, while 
the table or horizontal member of the bar is slightly 
drawn and extended in length. It may here be well to 
mention a difference in consumption of material between 
the two modes of making these knees, in order to aid in 
determining the lengths of bars requisite for making 
such elements without waste. In either case the knee 
should be accurately drawn out, either full size, or to as 
large a scale as possible, so that its finished length may" 
be accurately measured ; let this be represented in Fig. 
40. Then, if the bar is to be bent, by cutting a piece 
out in accordance with the first method above described, 
the length of bar required will be equal to the mea- 
surement of the knee or stiffener, along the back of 
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the iron as at a J ^, 

but if the bars are ^' 

c 

to be drawn over a B, ^"IlVS7""l"y-""-I"l~-'."""'-'.] f 
block, as described ' 




secondly, the length 
required will be 
that measured on 
the inside of the table of the bar, as shown by the 
dotted line dy e, /, the extra length being made up by 
the drawing of the table, which takes place in the pro- 
cess of bending the bar. It is well to be careful in 
determining these lengths, for if they be a little too 
short it becomes necessary to order new bars, or else to 
weld on pieces to make them long enough, thereby 
causing increase of expense unnecessarily, and, in addi- 
tion to this, tee irons are somewhat awkward shapes to 
weld together, so as to obtain a satisfactory result. On 
the other hand, if the iron be ordered too long, that 
which has to be cut off becomes waste, and, as stiffeners 
are usually comparatively short in proportion to other 
elements, it follows that even short pieces of waste cut 
off them, run up to a greater per-centage of their total 
weight than in the case of other elements; thus, on 
stiffeners three feet in length, the waste of one and a 
half inches at each end would amount to 8J^ per cent. 
on the total weight of iron used in making the knees, 
and this on a large work, would soon mount up, for the 
knees, though small, are frequently so numerous as to 
form a considerable item in the weight of a bridge, and 
moreover, as a general rule, the amoimt of waste in any 
structure, or part of a structure, must not be judged of 
by its actual weight, but by the relation of that weight 
to that of the material in which it occurs, and by care- 
fully watching such points as those, very sensible incre- 
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ments may be ensured, for it is rather in the number of 
small extra expenses than in the magnitude of great 
ones,, that losses are most frequently made. To return 
to Fig. 40, let us now take the second case, in which the 
bar is required to be bent into the form shown at JD* 
In this case the bar cannot be bent without cutting the 
web, as the latter would not draw out without contract- 
ing so much in section as to be practically useless, 
(unless, indeed, the angle at which the bar is bent is so 
obtuse as nearly to approach the straight form of the 
original bar), hence the web of the bar must be cut 
through, as shown by the dotted line at e^ and then 
heated and bent, after which, an angular piece of iron, 
or V piece, as it is commonly called, is welded in to fill 
up the deficiency previously existing in the web of the 
tee iron. In any case, the length of the iron required for 
making these knees is determined by measuring along 
the back of the bar, but this form is not of common 
occurrence in girder work, never being adopted from 
choice, but only inserted where other forms could not 
be used. 

It is very evident that such changes in form of elements 
as those above described, cannot be made without, at 
least the risk of straining the fibres of the metal operated 
upon, therefore, such work shoidd be avoided in all 
cases if possible, so that the girders may be made of the 
iron as it comes out from the rolling mill, without any 
further subjecting to processes requiring the application 
of heat until the work is rivetted together, and this 
should be remembered by those who are engaged in 
designing bridges, or roofs, for though it may be argued 
that by the introduction of smith work in such structures, 
they may be made lighter, it may be clearly shown that 
in the majority of cases they are not made any cheaper, 
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and, as a plain business point in such, circumstances^ 
there is a direct loss in having the lighter work, for 
practically the intrinsic or money value of a bridge lies in 
its weight for if sold as old iron, it would be at per ton, 
and workmanship would count for nothing, hence if twa 
bridges are equal in strength, cost and design, it is best 
to have that where there is most material, in preference 
to that in which the cost is represented by labour* 
When angle or tee irons require to be bent in curved 
forms as for the curves of turn-tables, gas-holders, &c., 
a mould bar or metal template must be used. Let it be 
required to curve a number of angle irons for roofing 
principles ; in the first place, one bar must be carefully 
bent to a true curve to serve as a template for the rest j 
this bar is then secured on a cast iron bed and the 
other bars being made red hot are successively bent 
round it, a few blows of a light hammer being aU that 
is requisite to set it to shape; by this means bars maybe 
very rapidly bent, and, at the same time with great 
accuracy to any required form. 

After the various elements have been shaped to the 
required forms they are punched or drilled, as the case 
may be, in the usual manner, and then are ready to be 
attached to the girders of which they are destined te 
form parts^ 

Where the rods or bars with swelled ends are used 
these must be forged, except they are made by rolls espe* 
cially adapted for their formation, and, which are formed 
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Fig. 41 
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as shown in Fig. 41 
A and B represent 
the top and bottom 
rolls of a mill for 
rolling links with 
swelled ends. The 
ends of these rolls 
are made with col- 
lars a a, h h, that if 
a bar equal in thick- 
ness to the space be- 
tween the central 
part of the rolls be 
passed hroadwisehe- 
tween these roUs its 
centre portion will 
remain unaltered 
but its ends will b6 
widened out or 
swelled as shown at 
at € where d is the 
centre part of the 
bar and e e shows 
the widened ends of the same after passing through the 
the mill. If the bar be now passed lengthwise between 
plain rolls as shown at D the centre part d of the bar 
becomes elongated and the ends e e remain unaltered so 
when the bar has been rolled down to an uniform thick- 
ness we have a long link with swelled ends and no weld 
in it, but of solid section from end to end. In this way 
all such bars when of any magnitude should be made as 
it is preferable to and far safer than that in which the 
ends of the bars are made, separately and subsequently 
fihut or welded on to the body, or central part of the bar 
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but for round bars the latter course must be adopted, op 
some other equivalent to it for it is plain that the flat 
end of a link could not be passed through rolls grooved 
in a suitable way to form the cylindrical body of the rod. 
It used to be a common custom to make eyes to the ends 
of round bars by bending the extremities round on to 
the body of the bar and then welding them up, but this 
is not satisfactory as by this method the hole in the eye 
is not cylindrical throughout, hence affords insufficient 
bearing for a bolt passing through it. 

In making the rods, with eyes at their ends, it is neces- 
sary to forge the ends separately, and then shut them ou 
to the round iron of which the ties are to be made, care 
being taken to keep the centres at the right distance 
apart, so that the ties may be of the proper length. 
The holes in the ends may be made in the forging, and 
subsequently drilled out true, or, if preferred, the holes 
may be drilled out of the solid metal, which is, perhaps, 
the best where considerable accuracy of fit is indispens- 
able. Of course great care must be taken in shutting- 
on the ends of such links, in order that the joint or 
scarf may be equally strong with the body of the bar. 
Screwed ends of ties and ends for cotters, &c., are in like 
manner made separately, and subsequently welded on to 
the body of the bar. 

In fitting bolts to eyes in links, and holes in castings, 
they may be made true fits, the holes being carefully 
bored out and the bolts as truly turned ; or on the other 
hand both the hole and bolt may be left rough, and a 
certain play allowed, in order to get the bolt into the 
holes in the elements it is intended to join together ; the 
amoTmt usually allowed is one-eighth of an inch, so that 
for a bolt three-quarters of an inch in diameter the bolt 
hole would be made seven-eighths of an inch diameter. 
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and for a bolt one-and-a-lialf inches in diameter the bolt 
hole would be made one inch and five-eighths in 
diameter, and so forth. 

All the'different elements of the structure having been 
duly prepared, they are ready to be put together in the 
erecting shop, and rivetted up so far as is consistent 
wiih the requirements of subsequent conveyance from 
the manufacturer's yard. 

The girders are erected on a series of bars or blocks, 
supported on iron brackets firmly set in the ground; 
these brackets may carry cross bars, which are so 
.arranged as to admit of adjustment, so that their upper 
surfaces may be placed at the same level, or disposed to 
give the girder any required amoimt of camber. On 
these bars the bottom plates of the girders are duly laid, 
and so piece by piece they are built up until the ftill 
height is reached, the various parts being held together 
hj bolts or cotters passed through some of the rivet holes, 
only a sufficient number being used to hold the plates 
and bars together, while they are permanently rivetted 
up. When the work is being thus put together, any 
discrepancy in length of plates, &c., may be ascertained 
and rectified ; and it may then also be seen if the rivet- 
holes are truly in line through the various layers of 
material, and if they be not so they may be trued-up by 
rhymering out the holes, which will do no harm if the 
work be tolerably accurate, although some engineers are 
«o strict as to prohibit in their specifications the use of 
the rhymer; we consider this injudicious, as a slight 
clearing of the hole smooths the edges of the holes at 
the contact of the plates, and renders their bearing upon 
the rivets more uniform than it would otherwise be, 
imless the plates were perforated dead true, which, in 
ordinary bridge-work, is a thing not to be expected. 



TO BUILDING STBIICTURES. 167 

The work being sufficiently held together, and found 
accurate, is now rivetted up, either completely or not, 
according to circumstances. If it is not intended to test 
the bridge on the contractor's premises, it is sufficient to 
rivet it together at all parts, except those where it breaks 
for shipment or carriage, where for the time being it 
may be held by temporary bolts, but if the bridge is to 
be submitted to a test before leaving the yard in which 
it is made, it should be completely rivetted up ; even 
though it will afterwards be necessary to cut out some 
of the rivets, in order to pull the structure down for 
shipment, for although bolts may be amply strong to 
sustain the load, yet they do not (unless turned, which 
is not done in such cases), hold so closely as the rivets 
intended ultimately to connect the various parts of the 
structure ; hence the deflection wiU, in all probability, 
be much greater if the rivets be left out. and so justice 
would not be done to the manufacturer, and very possibly 
the inspecting engineer would not be satisfied. 

In ordinary girder- work there is not usually much to 
be done in the way of fitting, and what there is is not of 
a delicate nature ; hence highly skilled artizans are not 
required for this purpose, all that needs to be done, con- 
sisting in planing bed plates, &c., and boring bolt-holes 
and turning up bolts and cast-iron friction rollers, and 
in some cases the bolts are not turned but merely ground 
bright on a revolving lap or stone, which, however, 
naturally makes them but little truer than when in their 
rough state. 

In rivetting girders together it is usual to strike up 
the head of the rivets first with the flogging hammers, 
and finally to reduce them to a uniform shape and size 
by placing over them a die with a recess sunk on its 
face (and which is termed a snap), and striking it with 
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a hammer. In some instances, if too much length of 
rivet has been allowed for making the head, it will 
form a slight collar under the edge of the snap and 
around the head of the rivet; in order to preserve 
appearances this collar is sometimes cut off, but it is 
best to let it remain, for in cutting it off the chisel used 
for that purpose may injure the plate underneath the 
rivet head. 

The work being so far completed, it only remains to 
oil and paint the work, and to mark it previous to 
taking it apart, so that, by the aid of key plans, the 
erector may be enabled readily to re-construct the work 
on the site for which it is destined. 



CHAPTEE X. 

INSPECTION AND TESTING OF MATEEIALS. 

The most carefully prepared designs cannot, in exe- 
cution, give satisfactory results unless the quality of the 
material used is up to the standard of strength assumed 
by the engineer in calculating the dimensions of the 
various elements of the proposed structure, hence it is 
necessary to be assured that the material used shall be 
sufficiently good, and this is invariably stipulated in 
specifications. It is not unusual to specify that iron 
shall be procured from a certain maker, or of a certain 
brand, or, in event of that iron not being procurable, 
that su(5h material as is used shall be equal to it in 
strength and elasticity. Now the quality of iron, even 
of the same brand, will vary slightly from year to year, 
hence, instead of specifying a given brand, it would be 
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more consistent merely to stipulate for a certain amount 
of strength and elasticity in the material to be used. 
The first tests in respect to wrought iron consist chiefly 
in determining its resistance to tensile force, which 
force it is best qualified to withstand. Plates, flat bars, 
ungle irons, &c., may be considered of excellent quality 
for girder- work if they do not break under a strain of 
twenty-three tons per sectional square inch, or stretch 
before breaking more than one inch per foot of length, 
or less than half an inch. If the bars stretch over 
much, the structures made from them will be liable to 
take a considerable permanent set, but if it will not 
stretch fairly there is a danger of its snapping under 
fiudden loads, or violent vibration or concussion. The 
iron should not stretch permanently under a strain of 
ten tons per sectional square inch, and its maximum 
load should never in working exceed five tons per square 
inch, or one half of the load at which permanent set 
commences, thus, if the material is such as to reach 
twelve tons, tensile strain per square inch before perma- 
nent set commences, it may safely be worked ordinarily 
at a strain of six tons per square inch. 

Bars that have been used for testing should never be 
used in making a structure, as testing them over their 
working weight may possibly cause some slight injury 
to the fibre, which will gradually be augmented by 
other, even smaller, strains, until ultimately failure 
ensues, perhaps under a comparatively small load, 
whereas, had no such excessive test been appHed, the 
work would have stood the weight of the maximum 
ordinary load for an indefinite period of time. 

In compression wrought iron will most generally give 
way by crippling, hence the strength of members in 
compression must be secured by making them of a form 
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suited to resist bending tendencies, but the resistance of 
wrought iron to crushing force should be equal to not 
less than sixteen tons per sectional square inch, and it 
ehould not show signs of failure under a smaller load 
than eight tons per square inch, then it may safely be 
loaded in ordinary working up to as much as four tons 
per sectional square inch. 

Cast iron is admirably adapted to withstand com- 
pressive strains, both on account of its rigidity, and also 
by reason of its superior resistance to crushing stress. 
Good cast iron will not yield to compressive force until 
it reaches about forty-five tons per square inch, hence 
seven-and-a-half tons per square inch is perfectly safe 
as a working strain in compression upon cast iron of 
good quality, but in tension cast iron breaks at about 
seven tons per square inch, hence should not be loaded 
ordinarily with any tensile strain exceeding one-and-a- 
half tons per sectional square inch. 

For shearing strain on wrought iron, four tons is the 
working strain usually allowed on bolts or rivets if of 
iron, or six tons if of steel. 

When the preliminary tests are made and found satis- 
factory by the inspecting Engineer, it remains for him 
to see that the material used in the work under his 
charge is made of uniform quality throughout, and well 
and cleanly rolled. In order to be thoroughly compe- 
tent to imdertake this duty, it is necessary he shoidd be 
well acquainted with the manufacture of iron in all its 
branches, for there are many apparent blemishes on 
rolled iron which are not of the slightest consequence as 
regards the actual strength, whereas defects of a more 
serious character which do not so obviously appear, 
often would escape the notice of any one not practically 
acquainted with the manufacture of wrought iron. 
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We will now proceed to briefly refer to the testing of 
entire structures, such as girders, bridges, &c., in their 
complete form. In these tests there is not only the 
strength of the structure to be verifled, but also the 
quality of workmanship put into it, especially in the 
joints and articulated parts of the work, which will be 
found to yield more or less uniformly^ according to the 
oare which has been taken in the manufacture. 

The curvature, or camber given to a bridge, which is 
usually one inch rise at centre for every forty feet of 
span, is intended to secure that it shall not deflect below 
a straight line when its greatest load comes upon it, and 
if the work is well done this is generally found su£S.cient 
to ensure that result. 

When the bridge is ready to be tested, a diagram 
should be carefully drawn to show the exact curvature 
of the bridge as it stands, then the supports are gradu- 
ally removed from beneath, so that it has then to sustain 
its own weight ; the diagram of deflection under this 
load may now be taken, and the work then by degrees 
loaded up to the full test load which it is required to 
sustain, when the diagram of the curve due to this 
maximum load is to be noted. 

The test load having been allowed to remain on the 
structure, for such time as may be thought sufficient, in 
order that all the joints may take their proper bearings, 
it may be removed and another diagram drawn showing 
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to what curve the bridge has' returned, these diagrams 
may be blotted on a sheet of paper, in the form shown 
at Fig. 42. This diagram should be for clearness drawn 
to a distorted scale, that is to say, the horizontal scale 
may be half-inch to one-foot and the vertical scale 
natural size, then the curves of deflection can be more 
accurately judged. A a JB is a. Horizontal line drawn 
between the piers upon which the bridge or girder to 
be tested, is supported, and A C B the curve showing 
the position of the of the bottom flange of the girder 
as constructed and before the supports upon which it 
has been built, are removed. 

On removal of the blocks, the girder assumes the 
position indicated by the curved line A e B and when 
the total load is added Ad B shows the curve of ultimate 
deflection, on removal of the test load the girder will 
return to some position more or less nearly approaching 
the curve AcB, This curve shows the permanent de- 
flection or permanent set of the girder, and of this and 
the causes whence it arises, it is necessary to make a few 
remarks here. 

If the bridge is properly tested, the load being allowed 
to remain on it for a sufiQ.cient length of time, the 
deflection curve shoidd never afterwards descend below 
A d B m long as the test load is not exceeded, nor should 
the permanent set of the girder increase, and if the 
permanent set be found to increase continually, this 
will indicate that the work is not su£B.ciently strong and 
that it is certainly though gradually giving way, and 
will sooner or later fracture and fail altogether. If how- 
ever, the permanent set should only continue to increase 
for a moderately short period and then stop altogether, 
it may be due the fact that the test load was not left 
long enough on the girder for the joints to find their 
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bearing, but it does not indicate any danger of future 
failure. The cause of the deflection from the curve A 
C £ to A e JB is duplex in its nature being partly found 
in the weight of the structure itself and partly in the 
settlement due to the various joints which occur through- 
out the work. 

Rivetted joints wiU generally give a little before all 
the rivets take a fair bearing, and to this is due the 
permanent set, over and above the deflection due to the 
weight of the structure itself. If, in taking permanent 
set, the girder assumes the form of a tolerably true 
curve, it may be concluded that the workmanship is 
good, and the joints uniformly made throughout, but if 
an irregular Hne of permanent set occurs, it indicates 
slovenly work, and rivets which do not nearly fill the 
rivet holes. An irregular deflection curve under a 
maximum load uniformly distributed, indicates a want 
of uniformity in the strength of the girder, showing 
that the various sections have not been all proportioned 
in the same ratio to the strains to which they are sub- 
ject. If the permanent set continually increases, it is 
certain that either the iron itself is overstrained, and is 
gradually stretching to its breaking point, or that the 
joints themselves are giving way by degrees. In the 
former case there is no remedy but to reconstruct the 
work, but in the latter, the joints may be renewed. 
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COXCLirSION. 

Is oonchiding the piooc nt tre«fciae, a few general 
remarks upon the sabject considered in the previona 
pageSy are neceesaij in order to state the comparatiye 
merits of yarions systems of construction and their 
adaptalnlity to certain specific reqnirements. 

To commence with bridges, it is to be observed tiiat 
there are two main purposes, for which bridges are 
reqnired, first to cany railways, and secondly to cany 
miacellaneons traffic, such as occurs on ordinary carriage 
roads. In the first case, the load in its full intensity, 
passes from one end of the bridge to the other, being a 
concentrated rolling load, whereas on a road bridge, tibie 
load is more tmiformly distributed as it usually ocmsists 
of a number of comparatively trifling loads passing in 
both directions, so as to nearly maintain the symmetry 
of the load, and correspondingly that of the strains. In 
order that the strains on an arched girder may be only 
thrust, it is necessary that the load should be uniformly 
distributed over the whole length of the arch, other* 
wise if one haunch be loaded more than the other, there 
will be a tendency to distort the arched ribs, and of 
course this will produce a bending strain on the arch,, 
a strain for which it is not especially designed, hence it 
is evident that an ordinary arch though very suitable 
to carry a roadway bridge, if by no means so well 
adapted for a railway bridge. For a roadway bridge 
of any dimensions, where taste has to be regarded, it 
may be indeed said that we have but two forms of 
structure to chose from, viz., the arched bridge and the 
suspension chain, either of which well afford a g^ood 
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bcuds for an elegant struoture, but those of the latter 
description are not sufficiently rigid to give results as 
satisfactory as are shown by arches. 

For railway bridges, however, tied arches, or bow- 
string girders, may be used, more conveniently as the 
bracing bars between the arch and the tie, uniting the 
extremities of the former in a very great degree, resist 
the tendency to distort the bow, hence, when large 
spans are required, this form is not un&equently adopted. 
In, very lai^e girders, with parallel flanges, there 
appears to be a considerable element of unsteadiness, 
inasmuch as a great proportion of the load on the piers 
may be regarded as passing through the end uprights 
or piUars of the girders, and being, as it were, resting 
on the tops of them ; if, however, the bowstring form 
be used the weight is delivered from the arched mem- 
ber directly on the pier or foundation plate, upon which 
it rests, and thus obviates, the objection found to the 
loftier girders. 

Lattice girders present many advantages for railway 
bridges of large spans. In the first place, they both 
look light and really are Hght if properly designed. 
They are easily erected, and convenient for carriage and 
shipment, consisting as they do chiefly of elements of 
small section in proportion to their length, whereas, in 
plate web girders, the web plates, being of a square or 
oblong form, are awkward to pack or to move about. 
For foreign work, Warren girders, being composed of 
bars which form equilateral triangles, have been used 
to an exceedingly great extent, not only on account of 
the convenience of packing them, but also because of 
the readiness with which they may be erected in situ in 
countries where it is impossible to obtain skilled labour, 
in such places, in fact, whatever style is adopted, it 
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jfrequently becomes necessary to build up the work: 
without doing any livetting whatever on it, and then it 
becomes imperative to join the different elements of the- 
bridge together by means of bolts, which should be 
turned, and accurately fitted to drilled holes, so as to- 
hold as tight as rivets. 

The flooring of bridges of course depends upon the* 
purpose for which they are required, and the convenience- 
of getting materials in the locality where it is to be* 
erected. For railway bridges, corrugated iron sheets 
are frequently used, or timber planking, if timber is 
plentiful. 

For road-way bridges, buckle plates have been,, 
perhaps, more extensively used than any other kind of" 
covering, but they are now being superseded by simple 
curved iron plates, tied at the edges, so as to prevent 
their springing. Oast-iron plates which were formerly^ 
used, are scarcely ever now applied. 

Boofs may be divided into two classes, large and small' 
roofs. For the former it is necessary to adopt strong 
ribs to form the principals, and for this the arch or- 
trussed arch is extremely useftd. The trussed arch is in 
fact a bow-string girder, of which the tie has a very con- 
siderable rise in the centre of the span, being held up 
by vertical or queen rods, which attach it to the arch 
above. These principals are often placed at consider- 
able distances apart, in which case it is necessary to have 
very rigid purlins, and not unfrequently lattice girder* 
are employed to do this duty. 

For small spans, the various kinds of triangular or 
trussed principals, simple and compound are used, but 
they are not suitable for spans of great width, not 
having sufficient rigidity. 

The coverings of roofs are very various, according to- 
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the purposes to wliicli they are" applied ; thus for store- 
houses and sheds, corrugated iron is sufficient for 
the purpose. For dwelling-houses, gas-houses, &c., 
slated roofs are very generally used ; in this case the 
purlins have to be put very close together if the roof is 
not boarded previously to having the slates fastened on, 
in fact the distance between them is only ten and a-half 
inches generally, and the purlins consist of small angle 
irons one and a-half inches by one and a-half inches, by 
a quarter of an inch thick ; for roofs of this description 
the principals should not be placed farther apart than 
six feet or else, the purlins wiU not be sufficiently rigid 
to sustain the weight of the super-imposed slates. 

Glass, though heavy, is very frequently used, partially 
or entirely, for the roof coverings of public buildings, 
railway stations, and other places where much light is 
required ; and in some tropical climates the roofs are, in 
some instances, covered with layers of sand or concrete 
three or four inches thick, in order to exclude the heat,, 
which would otherwise be unbearable. 
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BRIDGES, GIRDERS, ROOFS, AND OTHER STRUO. 
TURES, by Francis Campin, C.E. With numerous Illus- 
trations. 2s. [Heady, 

171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING, by John Maxton, Instructor in Engineering 
Drawing, Royal School of Naval Architecture & Marine Engi- 
neering, South Kensington. Plates & Diagrams. 3«. ^d, [£eady, 

172. MINING TOOLS. For the Use of Mine Managers, Agents, 

Mining Students, &c., by William Morgans, Lecturer on 
Mining at the Bristol School of Mines. 12mo. 2s. 6d. [Beady, 
172*.ATLAS OF PLATES to the above, containing 200 Illustra- 
tions. 4to. 4«. 6rf. [Ready,. 
TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauerman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Numerous Woodcuts. 

[In the Press, 

NAVIGATION AND SHIP-BUILDINQ. 

51. NAVAL ARCHITECTURE, by J. Peake. 3*. 

63*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 

of, by Captain H. A. Sommerfeldt. Is, 
63*». ATLAS OF 16 PLATES TO THE ABOVE, Drawn for 

Practice. 4to. 7«. 6<i. 
54. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 

by R. Kipping. 1^. 6(2. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



8 SCIENTIFIC WORKS. 

64*. IBON SHIP-BUILDING, by J. Grantham. Fifth Edition, 

witih Supplement. 4«. 
54**. ATLAS OF 40 PLATES to iUustrate the preceding. 4to. SSs. 
55. NAVIGATION ; the Sailor's Sea Book: How to Keep the Log 

a nd W ork it off, Law of Storms, &c., by J. Greenwood. 28, 
83 bu, SHIPS AND BOATS, Form of, by W. Bland. U. 6d. 
99. NAUTICAL ASTEONOMY AND NAVIGATION, by J. E. 

Young. 29. 
100*. NAVIGATION TABLES, for Use with the above. 1*. 6rf. 
106. SHIPS' ANCHORS for all SERVICES, by G. CotseU. U, 64. 
149. SAILS AND SAIL-MAEING, by R. Kipping, N.A. 2s. 6d. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

cultural Chemistry. New Edition, with Index. 1«. 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. U. 

3. GEOLOGY, by Major-Gen. Portlock. New Edition. 1*. Qd. 

4. MINERALOGY, by A. Ramsay, Jun. 3s, 

7. ELECTRICITY, by Sir W. S. Harris. 1*. ^. 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by Sir W. S. Harris. Is, Qd, 

8. MAGNETISM, by Sir W. S. Harris. 3*. 6d. 

Nos. 7, 7*. and 8 in 1 vol. cloth boards^ Is. 6d. 
11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 

GRAPH, by Robert Sabine, C.E., F.S.A. 3«. 
72. RECENT AND FOSSIL SHELLS (A Manual of the Mollnsca), 

by S. P. Woodward. With Appendix by Ralph Tate, P.G.S. 

6^. 6(2. ; in cloth boards, 7s. 6d, Appendix separately, U, 
79**. PHOTOGRAPHY, the . Stereoscope, &c., from the French 

of D. Van MoncUioven, by W. H. Thomthwaite. Is, 6d. 
96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 

Edition, with an Appendix on " Spectrum Analysis." Is, 6d. 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2s, 

134. METALLURGY OF SILVER AND LEAD, by Lambom. 2*. 
136. ELECTRO -METALLURGY, by A. Watt. 2s, 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 

and enlarged Edition. Is. 6d. 
143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by C. Tomlinson. Is, 
161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 

PRACTICAIi TELEGRAPHY, by W. McGregor. 1*. 6d. 

173. PHYSICAL GEOLOGY (partly based on PorUock's " Rudi- 

ments of Geology "), by Ralph Tate, A.L.S., &c. 2s, 

[Niaw rsady, 

174. HISTORICAL GEOLOGY (partly based on Portlock's "Rudi- 

ments of Geology "), by Ralph Tate, A.L.S., &c. 2s, 6rf. 

[^"otr ready, 

PUBLISHED BY LOCKWOOD k CO., 



EDUCATIONAL WORKS. a 



MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICINE, by Dr. Ralph aooding. 2s. 

112*. THE MANAGEMENT OF HEALTH, by James Baird. 1«. 

113. USE OF FIELD ARTILLERY ON SERVICE, by Taubert, 
translated by Lieiit.-Col. H. H. Maxwell. 1^. Qd, 

160. LOGIC, PURE AND APPLIED, by S. H. Emmens. 1«. Qd, 

162. PRACTICAL HINTS FOR INVBSTINa MONEY: with 

an Explanation of the Mode of Transacting Business on the 
Stock Exchange, by Fsancis Playford, Sworn Broker. 1«. 

163. LOCKE ON THE CONDUCT OF THE HUMAN UNDER- 

STANDING, Selections from, by S. H. Emmens. 2s. 



NEW SERIES OF EDUCATIONAL WORKS. 



1. ENGLAND, History of, by W. D. Hamilton. 5«.; cloth boards, 
6«. (Also in 6 parts, price Is. each.) 

6. GREECE, History of, by W. D. Hamilton and E. Levien, M.A. 

2s. Qd. ; cloth boards, Ss. &d. 

7. ROME, History of, by E. Levien, M JL 2s. Qd. ; cloth boards, 

3s. 6d. 
9. CHRONOLOGY OF HISTORY, LITERATURE, ART, 
and Progress, from the earliest period to the present time. 
2s. Qd. ; cloth boards, Ss. Qd. 

11. ENGLISH GRAMMAR, by Hyde Clarke, D.C.L. 1«. 

11*. HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. 1«. 

12. ENGLISH DICTIONARY, containing above 100,000 words, 

by Hyde Clarke, D.C.L. 3*. 6d. ; cloth boards, 4s. 6d. 
, with Grammar. Cloth bds. 5s. 6rf. 

14. GREEK GRAMMAR, by H. C. Hamilton. l5. 

15. DICTIONARY, by H. R. Hamilton. Vol. 1. Greek- 
English. 2s. 

17. Vol. 2. English— Greek. 2s. 

Complete in 1 vol. 4s. ; cloth boards, 5s. 

, with Grammar. Cloth boards, 6#. 

19. LATIN GRAMMAR, by T. Goodwin. M.A. U. 

20. DICTIONARY, by T. Goodwin, M.A. Vol. 1. Latin 

—English. 2s. 

22. Vol. 2. English— Latin. Is. 6d. 

Complete in 1 vol. Ss. 6d. ; cloth boards, 4s. 6d. 

, with Grammar. Cloth bds. 5s. Qd. 

24. FRENCH GRAMMAR, by G. L. Strauss. Is. 



7, STATIONERS' HALL COURT, LUDGATE HILL. 



10 EDUCATIONAL WORKS. 

26. FEBNOH DICTIONAKY, by A. Elwes. Vol. 1. French- 
English. Is, 

26. Vol.2. English— French. 1». 6rf. 

Complete in 1 vol. 2«. 6rf. ; cloth boards, 3#. 6d. 

, with Grammar. Cloth bds. 4*. Qd, 

27. ITALIAN GRAMMAH, by A. Elwes. 1». 

28. — TRIGLOT DICTIONARY, by A. Elwes. VoL 1. 

Italian — ^English — French. 2». 

30. Vol. 2. English— French— Italian. 2». 

32. Vol. 3. French— Italian— English. 2«. 

Complete in 1 vol. Cloth boards, 7». W. 

, with Ghrammar. Cloth bds. 8». 6rf. 

34. SPANISH GRAMMAR, by A. Elwes. U. 
36. ENGLISH AND ENGLISH— SPANISH DIC- 
TIONARY, by A. Elwes. 4«. ; cloth boards, 5«. 

• ., with Grammar. Cloth boards, 6#. 

39. GERMAN GRAMMAR, by G. L. Stranss. U. 

40. READER, from best Authors. 1». 

41. TRIGLOT DICTIONARY, by N.E.S. A. Hamilton. 

Vol. 1. English — G^erman — ^French. U. 

42. Vol. 2. German — French — English. 1#. 

43. Vol. 3. French — German — ^English. 1«. 

Complete in 1 voL 3«. ; cloth boards, 4*. 

, with Grammar. Cloth boards, 5«. 

44. HEBREW DICTIONARY, by Dr. Bresslau. VoL 1. Hebrew 

—English. 6«. 

, with Ghrammar. 7«. 

46. Vol. 2. English— Hebrew. 3«. 

Complete, with Grammar, in 2 vols. Cloth boards, 12». 

46#. GRAMMAR, by Dr. Bresslau. 1». 

47. FRENCH AND ENGLISH PHRASE BOOK. 1». 

48. COMPOSITION AND PUNCTUATION, by J.Brenan. U. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. l».6rf. 
60. DATES AND EVENTS. A Tabular View of English History, 

with Tabular Geography, by Edgar H. Rand. [InFreparatum, 
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EDUCATIONAL AND CLASSICAL WORKS. 11 



GREEK AND LATIN CLASSICS, 

WITH EXPLANATORY NOTES IN ENGLISH. 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young 1*. 

2. C^SAR. De Bello Gallico ; Notes by H. Young . . 28. 

3. CORNELIUS NEPOS; Notes by H. Young . . . 1*. 

4. VIRG-IL. The G^orgics, Bucolics, and Doubtful Poems; 

Notes by W. Eushton, MA., and H. Young . 1«. 6<{. 

6. VIRGHL. ^neid ; Notes by H. Young . . . 2». 

6. HORACE. Odes, Epodes, and Carmen Seoulare, by H. Young U. 

7. HORACE. Satires and Epistles, by W. B. Smith, M.A. U, 6d, 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A . U.Qd. 

9. TERENCE. Andria and Heautontimorumenos ; Notes by 

the Rey. J. Dayies, MA 1«. 6<{. 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rey. J. Dayies, MA. 28, 

11. TERENCE. Eunuchus, by Rey. J. Davies, M.A. . U. 6d. 

Nos, 9, 10, and II in I vol, doth boards^ 69. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

with Notes, &c., by J. Dayies, M.A. (Now ready,) . . 1*. 

14. CICERO. De Amicitia, de Senectute, and Brutus ; Notes 

by the Rey. W. B. Smith, MA 2s. 

16. LIYY. Books i., ii., by H. Young . . , . 1*. W. 
16*. LIYY. Books iii., iy., y., by H, Young . . . 1*. 6<i. 

17. LIVY. Books xxi., ixii., by W. B. Smith, MA. . 1«. W. 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . • . .29. 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 29. 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of Queen's College, Oiford 1«. 6^. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



12 EDUCATIONAL AND CLASSICAL WORKS. 

GREEK SERIES. 

WITH EXPLANATORY NOTES IN ENGLISH. 



1. A NEW GREEK DELECTUS, by H. Young . 1*. 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young . . 1*. 

3. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young . U. 

4. LUOIAN. Select Dialogaes, by H. Young . . . 1«. 
6. HOMER. Hiad, i. to vi., by T. H. L. Leary, D.C Ji. 1*. 6rf. 

6. HOMER. Hiad, vu. to xii., by T. H. L. Leary, D.C.L. 1*. ed. 

7. HOMER. Hiad, xiii. to xviu., by T.H. L. Leary, D.C.L. 1*. 6d. 

8. HOMER. Hiad, xix. to xxiv., by T.H.L. Leary, D.O.L. 1*. 6d, 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. U. 6d. 

10. HOMER. Odyssey, vii. to xii., by T. H. L. Leary, D.CX. 1*. 6d. 

11. HOMER. Odyssey,xiii.toxviii.,byT.H.L,Leary,D.C.L.l*.6rf. 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. L. 

Leary, D.C.L . ^. 2». 

13. PLATO. Apologia, Crito, and Phsedo, by J. Davies, MA. 29. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.CX. U. 6d. 
16. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.OJi. 1*. 6d. 

16. HERODOTUS, Books v. vi. vii., by T. H. L. Leary, D.CX. U. 6d. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.C.L 1«. 6<{. 

18. SOPHOCLES. (Edipus Tyrannus, by H. Young . . U, 
20. SOPHOCLES. Antigone, by J. Milner, B.A. . . . 2». 
23. EURIPIDES. Hecuba and Medea, by W. B. Smith, M.A. 1«. 6<;. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . .1*. 
30. ^SCHYLUS. Prometheus Vinctus, by J. Davies, M. A. . 1*. 
32. .^SCHYLUS. Septem contra Thebas, by J. Davies, M.A. U. 

40. ARISTOPHANES. Acharnenses, by C. S. D. Townahend, 

M.A ls.6d, 

41. THUCYDIDES. PeloponnesianWar. Book i., by H. Young U. 

42. XENOPHON. Panegyric on Agesilaus, by LI. F.W.Jewitt la.ed. 

LOCKWOOD & CO., 7, STATIONERS* HALL COURT. 
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ENGINEERING, SURVEYING, &c. 

• 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c This work, it is expected, will con- 
tain about 50 Double opiates, and upwards of 300 pages of Text, 
Imp. 4to, half bound in morocco. \In theprus, 

*#* In accumulating intormcttion for this volume, the Author has 
been very liberally assisted by several professional friends, who have 
made this department of engineering their special study, jffe has thus 
been in a position to prepare a work which, within the limits of a 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects, theoretical and practiced, con- 
mected with water supply. Through the kindness of Messrs, Ander- 
son, Bateman, Hawksley, Homersham, Bcddwin Latham, Lawson^ 
Milne, Quick, Rawlinson, Simpson, and others, several works, con- 
structed and in course of construction, from the designs of these gentle^ 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE text:— 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — Water and the Foreign Matter usually associated witn it.— -Rainfall and 
Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 
Sites for Water Works. — Wells. — Reservoirs. — ^Filtration and Filter Beds. — Reservoir 
and Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery. — 
Culverts and Conduits, Aqueducts, Syphons, ecc. — Distribution of Water. — Water 
Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
with a Description of the numerous Works illustrated, viz : — ^Aberdeen, Bideford, 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
Sunderland, and several others ; with copies of the Contract, Drawings, and Specifi- 
cation in each case. 



2 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1^63* Comprisiiig Civil, Mechanical, Marine, Hvdraxilicy 
Railway, Bridge, and other £i^;ineeiing Works, Ac. By William 
HUMBER, Assoc. Inst. C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c Price 3/. 3J. half morocco. 

List of the Plates, 

NAMB AND DBSCRIPTION. PLATES. ' NAMB OF ENGINEER. 

Victoria Station and Roof— L. B.& S. C Rail x to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier .' 9 and 10 Mr. James Bnmlees, C.£. 

Victoria Station and Roof—L. C. & D. & G. W. 

Railways xitoisA Mr. John Fowler, CE. 

Roof of Cremome Mnsic Hall 16 Mr. William Humbcr, C.K 

Bridge over G. N. Railway , 17 Mr. Joseph Cubitt, CE. 

Roof of Station — Dutch Rhenish Railway .. zSandzg Mr. Euschedi, CE. 

Bridge over the Thames— West London Ex- 
tension Railway ao to 34 Mr. William Baker, CE. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, CE. 

The Allen Engine 30 Mr. G. T. Porter, M.£. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawks^w, CE. 

and W. H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications^ &c. 



" Handsomely lithographed and ininted. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works.** — Engineer, 

Humbers Modern Engineering. Second Series, 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C. E. , M. P. , F. R. S. , &c Price 3/. y. half morocco. 

List 0/ the Plates. 

NAMB AND DESCRIPTION. PLATES. NAMB OP BNGINBBR. 

Birkenhead Docks, Low Water Basin x to 15 Mr. G. F. Lyster, CEL 

Charing Cross Station Roof— C C. Railway. 16 to 18 Mr. Hawksliaw, CE. 



DiesweU Viaduct — Great Northam Rapway. 19 Mr. J. CuHtt, CE. 
Robbery Wood Viaduct — Great N. Railway. 20 
Iron Permanent Way 20a 



iron rermanent way 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway • ax Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 2a Mr. Gardner, C.EU 

College Wood Viaduct — Cornwall Railway . . 23 Mr. BruneL 

Dubhn Winter Palace Roof 24 to 26 Messrs. Ordish& Le Feixne 

Bridge over the Thames— L. C & D. Railw. 27 to 32 Mr. J. Cubitt. CE. 

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive letterpress, Specifications, &c. 



" A resumi of all the more interesting and important works lately completed in Grei 
Britain ; and containing, as it does, carefully executed drawings, with fViU wotkb 
details, will be found a valuable accessory to the profession at la^ge.**— -£i»/»Mvn 

" Mr. Hnmber has done the profession good and true service, try the fine coHectio 
of exami)le8 he has here brought before the profession and the public, "—/'ncc^ 
Jf^c'AoHtc't ycumal, • 
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Humberts Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait of J.' R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3J, half 
morocco. 

List of Plates and Diagrams, 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

l^ent's Canal. 
Middle Level Sewer. Junction with Fleet 

Ditch. 

Bridge over River Lea. 



Outfall Sewer. 

Elevation. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 



Bridge over River Lea. 
Bridge over River Lea. 



Bridges over Marsh Lane, 

North Woolwich Railway, and Bow and 

Barking Railway ^function. 
Outfall Sewer. Bndge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. _ Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Eleva^on. 
Outfall Sewer. Bridge over East London 

Waterworks* Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfall Sewer. Reservoir. Section. 
Outfall Sewer. Tumbling Bay and Outlet. 
Outiiall Sewer. Penstock. 

South Side. 
Outfall Sewer. Bermondsey Branch. 



Outfall Sewer. 
Outfall Sewer. 
Plan. 



Bermondsey Branch. 
Reservoir and Outlet. 



MAIN DRAINAGE, METROPOLIS, 
continued — 



Reservoir and Outlet. 
Reservoir and Outlet. 
Reservoir and Outlet. 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Filth Hoist. 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation. 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer, 
Penstock. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Junction of Sewers. Plan^ and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press, 

"Mr. Humberts works— especially his annual 'Record,* with which so many of our 

readers are now familiar — ^fill a void occupied by no other brandi of literature 

The drawings have a constantly increasing value, and whoever desires to possess clear 
representations of the twO great works carried out by our Metropolitan Board will 
obtain Mr. number's last \^\xm^.**—Engineerin£^. 

" No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanics* Magazine. 

"A work hizhly creditable to the industry of its author. . . . The volume is quite 
an encyclopaedia for ihe study of the student who desires to master the subject of 
municipal drainage on its scale of greatest development."— /'ra^/*ca/ Mechanics 
Journal. 



4 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, E^., President 
of the Institution of Civil Engineers. Price 3/. 3J. half-morocco. 

List of the Plates and Diagrams, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. . 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Bazaleette, C.E. 

Barrow Docks 5 to 9 Messrs. M Clean & StUIman, 

Manquis Viaduct, Santiago and Valparaiso [C. E. 

Railway xo, xi Mr. W. Loyd, C.E. 

Adams' Ltocomotive, St Helen's Canal Railw. 12,13 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to x6 Mr. J. Hawkshaw, C.E. 

Road Bridge over the River Moka 17, J 8 Mr. H. ^Takefield, C.E. 

Telegraphic Apparatus for Mesopotamia .... xg Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.K 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, C.E. 

Wrought- Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

MUlwall Docks. 26 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, CE. 

Milroy's Patent Excavator 32 Mr. Milroy, C E. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

Chief, and Mr. T. M. 
Johnson, C.E. 
Harbours, Ports, and Breakwaters a to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Mill wall Docks ; &c., &c., &c 



Opinions of the Press, 

" Mr. Humber's * Record of Modem Engineering * is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in the form of full descriptions and 
working drawings of all the most recent and noteworthy engineering works. Thd 
plates are excellently lithographed, and the present volume of the * Record ' is not a 
wbit behind its predecessors." — Mechanic^ Magazine. 

** We gladly welcome another year's issue of this valuable publicati(ui from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are wdl 
known, while its usefulness in giving the measurements and details of some of the 
latest examples of engineering, as carried out by the most eminent men in the profes» 
sion, cannot be too highly prized." — Artizan. 

** The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Mmif$g 
journal. 

" No one of Mr. Humber's volumes was bad ; all were worth their cost, from the 
mass of plates from well-executed drawings which they contained. In this respect, 
perhaps, this last volume is the most valuable that the author has produced." — PrmC' 
tical Mechanic^ youmak 



WORKS PUBLISHED BY LOCKWOOD & CO. 



Humder^s Great Work on Bridge Constrtcction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — ^I'heoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst C. E., and M. Inst 
M. E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. 6d. half- 
bound in morocco. ^ [Recently published, 

"A very valuable contribution to the standard literature of civil engineering. In 
addition to elevations, plans, and sections, laree spale details are given, which verv 
much enhance the instructive worth of these illustrations. No engimeer would wil- 
lingly be without so valuable a fund of information. " — Civil Engineer and A rchitects 
Journal. 

^ '* The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction, lliese 
investigations are exceedingly complete, having evidently been very carefully con- 
siderea and worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers." — Artizan. 

** Mr. Humber's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. JSrunel, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our 
most eminent engineers, are drawn and specified in great detaiL" — Engineer. 

Weale^s Engineer s Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price 6j. 

" A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hands of the subordinate officers in collieries." — Colliery Guardian, 

**The assignment of the late Mr. Weale's * Engineer's Pocket-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
well known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains the reputation the work has so long enjoyed. Every branch of engineering 
is treated of, and facts, figures, and data of every kind aboimd." — Mechanics' Mag. 

" It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally." — Mining youmal. 

Iron Bridges^ Girders^ Roofs ^ &c. 

THE APPLICATION OF IRON TO THE CONSTRUC- 
TION OF BRIDGES, GIRDERS, ROOFS, and other Works. 
By Francis Campin, C.E. With numerous Illustrations. i2mo, 
cloth boards, 3^. \Just published. 
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Bar lout) on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
"with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the* effect of Inclined Planes 
and gradients. By Peter Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
r.R,S., Mem. of Council Inst. C.E., to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R,S., Willlam 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c. The whole arranged and 
edited by William Humber, Assoc Inst. C.K, and Mem. Inst. 
M.E., Author of ** A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c. &c. Demy 8vo, 400 pp., 
with 19 large Plates, and numerous woodcuts, price \%s, cloth. 

Opinions of the Press, 

" This edition has undergone considerable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence."-~^r/ME<»». 

I' Although issued as the sixth edition, the volume under consideration is worthy of 
being regarded, for all practical purposes, as an entirely new work . . . the book 
is undouDtedly worthy of the hiehest commendation, and of an honourable place in 
the library of every engineer."— J/«««^ Journal. 

"An increased value has been given to this very valuable work bv the addition of 
a large amount of infurmation, which cannot prove othenvise tl^ui highly usefid to 

Uiose who require to consult it The arrangement and editmg of this 

mass of information has been undertaken by Mr. Humber, who has most ably^ fulfilled 
a task i^uiring special care and ability to render it a success, which this edition most 
certainly is. He has given the finishing touch to the volume by introducing into it 
an interesting memoir of Professor Barlow, which tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession.** — Afechanic^ Magtaine, 

"A book which no engineer of any kind can afford to be without. In its present 
form its former value is much increased." — Colliery Guardian. 

"The best book on the subiect which has yet appeared. . . . . We know of 

no work that so completely fulfils its mission As a scientific work of the 

first class, it deserves a foremost place on the bookshdves of every civil engineer and 
practical mechanic." — English Mechanic. 




architect' 

volume _ 

of timber is concerned, there is no greater authority than Barlow." — Building News. 

" It is scarcely necessary for us to make any comment upon the first portion of 

the new volume Valuable alike to the student, tyro, and experienced 

practitioner, it will alwavs rank in future, as it has hitherto done, as the standard 
treatise upon this particular subject" — Engineer. 

"The present edition offers some important advantages over previous ones. The 
additions are both extensive and valuable, comprising experiments by Hodgkinson on 
the strength of cast-iron ; extracts from papers on the transverse strength of beams by 
W. H. Barlow ; an article on the strength of columns ; experiments by Fairbairn, on 
iron and steel plates, on the behaviour of girders subjected to the vibration of a 
changing load, and on various cast and wrought-iron beams ; experiments by Kirkaldy, 
on wrought-iron and steel bars^ and a short appendix of formulae i<x ready application 
in computing the strains on bridges." — Engineering, 
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Strains yFormulcB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, Assoc. Inst C.E., &c. Fcap. 8vo, with nearly lOO 
Woodcuts and 3 Plates, price Js. 6d, cloth. 

"To supply a universally recognised want of simple formulae, applicable to the 
varied problems to be met with in ordinary practice, Mr. Humber, whose works on 
modern engineering afford sufficient evidence of his qualifications for the task, has 
compiled his 'Han^ Book.' The arrangement of the matter in this little volume is 
as convenient as it well could be. . • • • The system of employing diagrams as a 
substitute for complex computations is one justly coming into ^preat favoiu:, and in that 
respect Mr. Humber*s volume is fully up to the times.** — Engineering. 

" The formuke are neatly expressed, and the diagrams go<ra." — Atkemeunt, 
" That a necessity existed for the book is evident, we mink ; that Mr. Humber has 
achieved his design is equally evident .... We heartily commend the really handy 
book to ovs engineer and architect readers." — English Mechanic, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5j. cloth. 

Contents . — Introductory Remarks ; Beams Loaded at Centre \ Beams L<oaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; THtto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers; Continuous Girders; Lattice Girders; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders \ Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Lengtb to Depth of Girders ; Character of^the Work ; Iron Roofs. 

Construction of Iron BeamSy Pillars^ &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 3^. 6d, ; doth limp, 2s, 6d, 

[Just published. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams, i2mo, cloth 
boards, 3^. dd. \This day. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the mo^ useful Problems m Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Major-General Frome, R.E., Inspector- 
General of Fortifications, &c. Third Edition, revised and improved. 
With lo Plates and 113 Woodcuts. Royal 8vo, I2J. cloth. 
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Hydraulics. 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I. A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, idf. cloth. 

*»* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins; hydrostatic and hydraulic pressure; 
water-power, &c. &c. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8$-. dd, cloth. \* Trautwine on Curves, separate, price Sj. 

*' One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume." — Mining yournal. 

'*The text-book on levelling in most of our engineering schools and collies."— 
Engineer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work." 
'-'Engineering, 

Tunnelling. 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft S hiking and Headmg Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, and the construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R,A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c. &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book," &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8vo, i/. \s. cloth. 
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Strength of Cast Irofty &c, 

A PI^ACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founder^, Smiths, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst. 
C.E., Author of ** Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, I2S. cloth. 

%* H0DGKINS0N*S EXPERIMENTAL RESEARCHES ON THE 

Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price dr. cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates, 
8vo, 16^. dd. cloth. 

** A work like this, which goes thorough!;^ into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library," — Steam. Shipping Chronicle* 

Tables of Curves. 

TABtES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3^. 6^/. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend tnem to all practical men." — Etrgineer. 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — Athenceum. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E., 
of the United States (extracted from Simms's "Work. o^Vies^^&cs?^, 
8vo, 5j. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c. 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c. , required in the execution of Public 
Works. By W. Davis Haskoll, C.E. Plates and numerous 
Woodcuts. Published annually. Demy 8vo, cloth, dr. 

As fumlshme a variety of data on every conceivable want to civil engineers and 
contractors, this hook has ever stood perhaps nnrivalled." — ArchiUct^ Jan. 21, 1871. 

** The care with which the particulars are arranj[ed reflects credit upon the auUior, 
each subject being divided into tables imder theu- own special heads, so that no 
difficulty arises in finding the exact thin^ one wants. The value of the work to the 
student and the experienced contractor is inestimable." — Mechanic's Ma^., Feb. 3. 

" Mr. Haskoll has bestowed very great care upon the preparation of his estimates 
and prices, and the work is one which appears to us to be in every way deserving of 
confidence." — Builder's Weekly Reporter^ Jan. 27, 1871. 

Surveying (Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. , 
Author of "The Engineer's Field Book," "Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price 12^. 6^?! cloth, 
with 14 folding Plates, and nimierous Woodcuts. 

" ' Land and Marine Surveying * is a most useful and well arranged book for the 
sud of a student .... We can strongly recommend it as a carefully-written 
and.valuable text-book,** — Builder^ July 14, 1868. 

** He only who is master of his subject can inresent it in such a way as to make it 
intdligible to the meanest capacity. It is in this that Mr. Haskoll excels. He has 
knowledge and experience, and can so give expression to it as to make any matter on 

which he writes, clear to the youngest pupil m a surveyor's office The 

work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but it is indispensable to the young practitioner."— 
Colliery Guardian^ May 9, 1868. 

" A volume which cannot fail to prove of the utmost practical utility It 

is one which may be safely recodunended to all students who aspire to become clean 
and expert siurveyors ; and from the exhaustive manner in which Mr. Haskoll has 
placed his long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young practitioners are at a disadvantage, through the 
neglect of their semors to point out tne importance of minute details, since they can 
readily supply the deficiency by the study of the volume now under consideration.'*— 
Mining Journal, May 5, z868. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able adStions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
vols, in one, cloth boards, i/. is, (published at 2/. 4s.) 
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Fire Engineering. 



FIRES, FIRE-ENGINES, AND FIRE BRIGADKS. With 
a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire^Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fjre 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for, Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T. Youno,'C.E., 
Author of "The Economy of Steam Power on Common Roads," 
&C. With numerous Illustrations, Diagrams, &c, handsomely 
printed, 544 pp. , demy 8vo, price i/. 4J. cloth. 

" A large well-filled and useful book upon a subject which possesses a wide and 

mcreasing public interest To such of our readers as are interested in the 

subject offires and fire apparatus wei can most heartily commend this book. .... 
It is really the only English work we now have upon the subject.'* — Engineering. 

" Mr. Youn^ has proved by his present work that he Is a good engineer, and pos- 
sessed of sufficient literary energy to produce a very readable and interesting volume." 
— Engineer. 

"A volume which must be regarded as the text-book of its subject, and which in 
point of interest and intrinsic value is second to no contribution to a special depart- 
ment of history with which we are acquainted. * Fires, Fire-Engines, and Fire 
Brigades' is the production of an earnest and diligent writer who comes to the task he 
has undertaken with a thorough love of it, and a firm determination to do it justice. 

. . . . The style of the work is admirable It has the surpassing 

merit of being thoroughly reliable." — Insurance Record, 

** Great credit is unquestionably due to Mr. Young for having brought before the 
public the results of his exploration in this hitherto untrodden field. We stroi^ly 
recommend the book to die notice of all who are in any way interested in fires, wrt- 
engines, or fire-brigades." — Mechanic^ Magazine, 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol Scho^ of Mines. i2mo. With an 
Atlas of Plates, containing 200 Illustrations. 4to. XJust ready. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s, 6d, cloth. 

" We can cordially recommend the work to the notice of our teaAtn^-^Building 

News. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measmrement and calculation of earth- 
work will nnd a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers* contractor's offices." — Artizan. 

" The object of this little book is an investigation of all the principles requisite for 
the measurement and calculation of earthworks, and a consideration of the data neces- 
sary for sudi operations. The author has evidently bestowed much care in efiecting 
this object, and points out with much clearness the results of his ONTb. Occskcs^&c^sos.^ 
derived from prju:tical experience. The subjects .tit&tftd ol «tt *c.«swi\oss«A.\n ^^■- 
executed diagrams and instructive examples. — Army and Nouy Gazette. 
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Field-Book for Engineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, CivU 
Engineer. Second Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of S3rstems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price \2s, cloth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume."—- yPaxV- 
way News. 

"The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same."— yl/^n<?w»r. 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession, —-ilfm/nf 
JoumaL 

*' We know of no better field-book of reference or collection of tables than that 
Mr. Haskoll has given." — Artizan. 

** A series of tables likely to be very useful to many civil engineers." — Building News. 

" A very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlarged." — Mechanic^ Magazine, 

** We strongly recommend this second edition of Mr. Haskoll's * Field Book' to all 
classes of surveyors." — Colliery Guardian. 

Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
cuted in the Construction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By G. Drysdale Dempsey, C.E. 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of GEORGE STEPHENSON. 
One large voL 4to, 2/. \25, 6d, cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I. C.E. Reprinted and en- 
larged from the Article "Harbours," in the Eighth Edition of " The 
Encydopsedia Britannica." With 10 Plates and numerous Cuts. 
Svo, lar, 6d, doth. 
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Bridge Construction in Masonry, Timber, and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
ilhistrated with 6 pages of Diagrams. Imp. 4to^ price 2/. 12s, 6tL 
half-morocco. 

*' One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of Qie railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engitieering. 

" We must express our cordial approbation of the work just issued by Mr. Haskoll. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to the 
practical man. . . . The examples of bridges ate selected from those of the most notable 
construction on the different lines of the kingdom, and their details may consequent^ 
be safely followed." — Railway News. 

** A veiy valuable volume, and may be added usefully to the library of every youns 
eDglnter.—Buiider. 

*' An excellent selection of examples, very carefully drawn to useful scales of pro- 
portion. " — A rtizan. 

Mathematical and Drawing Instruments, 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of "Practical Tunnelling," &c. &c Third 
Edition, with a Description of the Theodolite, together with Instruc- 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With niunerous Cuts. i2mo, price y, 6d, doth. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price %s. cloth. 

%* The small remaining stock of this work, which has been un^ 
obtainable for some time, has just been purchased by \XiZiL\iQQ\> & Co. 

Oblique Bridges, 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s, cloth. 

*• The standard text-book for all engineers regarding skew arches. Is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

" A very complete treatise on the subject, re-edited by Mr. Barlow, who has added 
to it a method of making the requisite calculations without the use of trigonometxical 
formulae." — Builder. 
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Wealds Series of Rudimentary Works. 

These hi^y poptilar and cheap Series of Books, now comprising 
nywmrds of Two Hmulred and Fifty distinct Works in almost every 
department of Science, Art, and Bducation, are recommended to the 
notiee of Engineers, Architects, Builders, Artisans, and Students gene- 
rally, as well as to those interested in Workmen's libraries. Free 
Idlxraries, Idterary and Scientific mstitntions, Ck>lleges, Schools, Soience 
Glasses, Ac., Ac Ijists of the several Series may be had on applioation 
to IiOCKWOOD ft CO. 

The following is a Selection of the Works on Civil Engineering: — 

STEAM ENGINE. By Ds. Lardneb. u. 

TUBtJLAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dempsky. i*. td. 

STEAM BOILERS, their Construction and Management. By R. Armstrong. 
With Additions, is. 6d. 

RAILWAY CONSTRUCTION. By Sir M. Stephenson. Ntw Edition, a*. ^ 

STEAM ENGINE, Mathematical Theory of. By T. Baker, m. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F. McCarthy, y, 

LIGHTHOUSES, their Construction and Illumination. By Alan Stevenson. 3*. 

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 
Constructing. By J. Glynn, is. 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. Neiv Edition, sj. 
DRAINING DISTRICTS AND LANDS. By G. D. Dempsey. xsM. \ The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By favols.ini, 
G. D. Dempsey. ar. J 3*« 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnell. \s, 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne. xs. 6d. 

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.£. 3^. 

ECONOMY OF FUEL. By T. S. Prideaux. is. ed. 

EMBANKING LANDS FROM THE SEA. By J. Wiggins, ax. 

WATER POWER, as applied to Mills, &c. By J. Glynn, m. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, CE. 3*. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, C.E. 3*. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
OF THE NEEDLE. By T. Fenwick, with Additions by T, Baker. «. 6d. 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Steyenson. y, 

HYDRAULIC ENGINEERING. By G. R. Burnell. 3*. 

RIVERS AND TORRENTS, with the Method of Regulating their Course and 
Channels, Navigable Canals, &c., from the Italian of Paul Frisl sj: 6d. 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By 
C. Wye Williams, M.I. CE. 3*. 

WATER POWER, as applied to Mills, &c By J. Glynn, a*. 

MARINE ENGINES and STEAM VESSELS and the SCREW. By Robert 
Murray, C.E. Fifth Edition, y. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F. McCarthy. 
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ARCHITECTURE, &c. 

* 

Constrtcction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 
the Principles of Construction. Especially adapted to the Re- 
quirements of Architectural Students. By E. Wyndham Tarn, 
M.A., Architect. Illustrated with 47 Wood Engravings. Demy 
8vo, price &f. dd. cloth. {Recently published, 

** A very valuable book, which we strongly recommend to all students." — Builder. 

*' A modest and valuable book of reference for the student. . . . The formulae will 
be foimd perfectly intelligible and available by the class for whom they are intended.** — 
Athetutunt. 

*' While Mr. Tam*s valuable little volume is quite sufficiently scientific to answer 
the purposes intended, it is written in a style that will deservedly make it popular. 
The diagrams are numerous and exceedingly well executed, and the treatise does 
credit aluce to the author and the publisher.*' — £n£ineer, Feb. 17, 1871. 

"No architectural student should be without this hand-book of constructional 
knowledge." — Architect. 

**The book is very far from being a mere compilation ; it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality. 
.... Mr. Tarn has done his work exceedingly well, and he has produced a book 
which ought to earn him the thanks of all architectural students." — Engineering. 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially appUed to Carpenters* 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' Numerous Woodcuts. \In the Press, 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 

Series of Designs for Villa Residences in various Styles. With 

Detailed Specifications and Estimates. By C, WiCKES, Architect, 

Author of " The Spires and Towers of the Mediaeval Churches of 

England," &c. First Series, consisting of 30 Plates ; Second 

Series, 31 Plates. Complete in I vol., 4to, price 2/. lor. half 

morocco. Either Series separate, price \l. js, each, half morocco. 

**The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive to architects, students, and 
amateurs." — Building News. 

The Architect's Guide. 

THE ARCHITECT'S GUIDE ; or. Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c By W. Davis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price y. 6d, 

Vitruviui Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, price 5^. 
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The Young' Architects Book, 

HINTS TO YOUNG ARCHITECTS ; comprising Advice to 
those who, while yet at school, are destined to the Profession ; to 
such XLS, having passed their pupilage, are about to travel ; and to 
those who, having completed their education, are about to practise. 
By George Wightwick, Architect, Author of " The Palace of 
Architecture," &c. &c Second Edition. "With niunerous Wood- 
cuts. 8vo, T'j'., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *js, 6d., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c 

Drawing for Engineers y &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. With upwards of 300 Plates and 
Diagrams. i2mo, cloth, strongly bound, 4J. dd. [This day. 

Cottages y VillaSy and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, vtrith 67 plates, price i/. u., cloth. 

Wealis Builder's and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(Lock WOOD & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c i2mo, 4^., cloth. 

"A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be esti- 
mated. "—Building News. 

*• Carefully revised, admirably arranged, and clearly printed, it offers at a glance a 
ready method of preparing an estimate or specification upon a basis that is imquestion- 
able. A reliable book of reference in the event of a dispute between employer and 
cm^Xoy^dJ*— Engineer. 

** Well done and reliable. It is the duty of a just critic to point out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in his clearly-printed book. We therefore recommend it to all branches of the pro- 
fession." — English Mechanic. 

** Mr. Burnell has omitted nothing from this work that could tend to render it 
vaiuahle to the builder or conXx9.ctot.^—MechaHic*s Magazine, 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c, and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law Of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Gl£n, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of 1 100 pp. ot 
text, and 33 Lithographic Plates, cloth, 2/. 2j. (Published at 4/.) 

*' In these two volumes of i,xoo pa^es (together], fort^-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the works,' and occupies more than 100 printed pages. 

" Amon^t the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt ana Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, HoUoway (Bunning) ; the High School, Edinburgh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ;: 
Houses in Grosvenor Square, and elsewhere : St. George's Church, Doncaster 
(Scott) ; several works of smaller size by the Autnor, including Messrs. Shaw's Ware> 
house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Devel Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railwav (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

" We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a oook of precedents. 

''About 140 pages of the second volume are appropriated to an exposition of tke 
law in relation to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather fur those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words wnat our 
readers will have eathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — Builder^ 



Mechanical Engineering. 



A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By P'rancis 
C AMPIN, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy 8vo, cIoth» 
price I2J. 
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Grantham s Iron Ship-Butldingy enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Ihip. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged, 
By John Grantham, M. Inst C.K, &c. Price 2/. 2s, complete. 

Description cf Plates, 



5« 



z. Hollow and Bar Keds, Stem and 

Stem Posts. [Pieces. 

3. Side Frames, Floorings, and Bilge 

3. Floorings c&ntintied — Keelsons, Deck 

Beams, Gimwales, and Stringers. 

4. Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 
Angle-Iron, T Iron, 2 Iron, Bulb 
Iron, as Rolled for Building. 

6. Rivets, shown in section, natural size ; 

Flush and Lapped Joints, with 
Single and Double Riveting. 

7. Plating, three plans ; Bulkheads and 

Modes of Securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

9. Sliding Keel, Water Ballast.Moulding 

the Frames in Iron Ship Building, 
Levelling Plates. 

xo. Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

zz. Midship Sections of Three Vessels. 

za. Large Vessel, showing Details — Fore 
End in Section, and End View, 
with Stem Post,. Crutches, &c. 

Z3. 'JLarge Vessel fih.Gvimg'DiitaS^s — After 
End in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Z4. Lar^ Vessel, showing Details— .^tt^- 
shtp Section j\ia!d breadth. 

Z5. Machines for JPunching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Z5a. Beam-Bending Machine, Indepen- 
dent Shearing, Punfihing and Angle- 
Iron Machine. 



15^. Double Lever Punching and Shearing 
Machine, arranged for cutting 
Angle and T Iron, with Dividing 
Table and Engine. 

z6. J>/«cA«f^*.--Garforth*s Riveting Ma- 
chine, Drilling and Counter-Smking 
Machine. 

16a. Plate Planing Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron : Various Tools used in 
Riveting and Plating. 

18. Gunwale ; Keel and Flooring ; Plan 

for Sheathing with Copper. 
zZa. Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 
Illustrations of the Mag^netic Condi- 
tion of various Iron Ships. 
Gray's Floating Compass and Bin- 
nacle, Mrith Adjusting Magnets, &c. 
Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plates. 
Great Eastern — Loneitudinal Sec- 
tions and Half-breadu Plans — ^Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 
25-6. Paddle Steam Vessel of Steel. 
27. Scarbrough — Paddle Vessel of Steel. 
28-9. Proposed Passenger Steamer. 
30. Persian — Iron Screw Steamer. 

Midship Section of H.M. Steam 

Frieate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stern, and Rudder of H.M. 

Steam Frigate, Bellerophon, 
Midship Section of H.M. Troop Ship, 

Serapis. 
Iron Floating Dock. 



19. 



20. 



2Z. 



22-4. 



3X- 

32. 

33- 
34- 



35 



"An enlarged edition of an elaborately illustrated work." — Builder, July zz, z868. 

*' This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the engravings being brought down to the present period. . . 
The practical operations required in producmg a ^ipare described and illustrated witii 
care and precision." — Mechanics^ Magazine, July 17, 1868. 



(( 



^ ' A thoroughly practiced work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
nterests attached to them, is treated with sober and impartial wisdom and good sense. 
. . . . As good a volume for the instruction of the pupil or student of iron naval 
architecture as can be found in any bnguage."— /'rwr/Aira/ Mechanic^ Journal^ 
August, z868. 

"A very elaborate worlc^ . It forms a most valuable addition to the history 

of iron shipbuilding, while its having been prepared by one who has made the subject 

his study for many years, and whose qualifications have been repeatedly r«OQgzused, 

w3Dl recommend it as one of practical utility to all interested in shiph nilfl |in£ »» — Army 

ofufJViav^ Gazeiiet July xx> 1868. 
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CARPENTRY, TIMBER, &c. 

1 

Tredgol(Vs Carpentry^ new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Frami^, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i I of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. 2j., reduced to i/. 5x., doth. 

_ " * Tredgold's Carpentry' ought to be in every architect's and every builder's 
library, and those who do not already possess it ought to avail themselves of the new 
issue." — Builder^ April 9, 1870. 

A work whose monumental excellence must commend it wherever skilful car- 
l>entry is concerned. The Author's principles are rather confirmed dian impaired by 
time, and, as now presented, combine the surest base with the most interesting display 
of progressive science. The additional plates are of great intrinsic value.''-— ^MiTaM;^ 
News, Feb. 25, 1870. 

'"Tredgold's Carpentry' has ever held a high position, and the- issue of the fifth 
edition, in a still more improved and enlarged form, will ^ve satisfaction to a very 
laree number of artisans who desire to raise themselves m their business, and wlu> 
seeK to do so by displaying a greater amount of knowledge and intelligence than their 
fellow-workmen. It is as complete a work as need be desired. To the superior 
workman the volume will prove invaluable ; it contains treatises written in language 
which he will readily comprehend." — Mining youmal, Feb. 12, 18701. 

Grandys Timber Tables, 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE. By Richard E, 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, with comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, Duty, &c., 

&c. ; together with Copious Information for the Retailer and 

Builder. i2mo, price *J5. 6d, cloth. 

*' Everything it pretends to be : built up gradually, it leads one rom a forest to a 
trenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c. — all that the qlass to whom it appeals requires." — English Mechanic. 

'* The only difficulty we have is as to what is not in its pages. What we have tested 
of the contents, taken at random, is invariably correct." — Illustrated BuUdet'syoumal 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing- Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant. 
Oblong 4to, cloth, price 3X. dd, 
"Will save much labour and calculation to packing-case makftR«»AL>3as»fc^s*ttfi 
packing-cases." — Grocer. " Invaluable \abouT-sa.vviv^Xa^Aft^^* — Irontiumgrr 
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NicholsofCs Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Himdred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. CroMm 8vo, 3X. cloth. 

*' Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it^because such possession 
would, with use, unquestionably save a very ^nsx deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in canying wood, where it is recjuisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of doing this. 
Indeed every person who has to do with wood ought to have it" — Hull Advertiser, 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5^. bound. \yust published, 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Templeton's Companion stands unrivalled." — Mechanic^ Magazine, 

"Admirably adapted to the wants of a very large class. It has met with great 

success in the engineering workshop, as we can testify ; and there are a great many 

men who, in a gresit measure, owe their rise mHe to tlhis VvtX\evioxV* — ^Maiding News. 
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Engineers Assistant. 



THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 4th Edition. i8mo, 2j.6^. clot£ 

*' So much varied iuformadon compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechanics* Magazine, 

** Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made.'* 
— Building News, 

Designings Measuring ^ and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
loj. (id. cloth. \yu5t published, 

** This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The Irish BuUder, 

*' The book is well worthy the attention of the student in architecture and surveying, 
as b]r the careful study of it his progress in his profession will be much facilitated."-^ 
Mining Joumaly Feb. ii, 1871. 

*' >Ve have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, uat is not fully treated upon in this valuable 
work." — The Artixan^ March, 1871. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade From the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners." — Colliery Guardian^ February loth, 18 71. 

" Altogether the book is one which well fulfils the promise of its title-pai|e, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
Ushers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering^ Mardi 24, 1871. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. B^ ^was& '^^K^^- 
KiNGS. Fcp. 3J. td, cloth. 
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MATHEMATICS, &c. 

■ ■I 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Deigned chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in. general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. "With an Appendix of 
copious Logarithmic and other Tables. By Olinthtjs Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of "A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. u. doth. 

" As a standard work on mathematics it has not been excelled. " — Artizan. 

** The engineer or architect will here find read^^ to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the 
proper understanding of the most useful portions of tms book, the audior very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builder. 

** One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem admost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the laxger requirements of modem 

times In the edition just broueht out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, infroduced a iew 
paragraphs here and there, and corrected the numerous ^pographical errors which 
have escaped the^ eyes of the former Editor. The book is now as complete as it is 

possible to make it We have carried our notice of this book to a, greater 

length than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for ' 
oversteppmg our limit. It is an instructive book for the student, and a Text- 
book for nim who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building N<ws, 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DOWLING, C. E. 8yo, los, 6d. strongly bound. 

*' Mr. Dowling*s Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other. '* — At/ufutum. 

" Their accuracy has been certified by Professor Airy, the Astronomer Royal.**— 
Builder. 

*' Resolution 8. — ^That advantage will be derived from die recent publication of 
Metric Tables, by C H. I)owliag,C.^"'-Jiep0rto Section, F BrUisk Astcciation 
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Inwood's Table$^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies; for Terms of. Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compoimd 
Interest, and an Extension of the same to lower and Intermediate 
Rates. By William Inwood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities,. &c.i by M. FijDOR Thoman, of the Soci^t^ 
Credit Mobilier of Paris. i2mo, &f. cloth. 

** This edition [the t%th) differs in many important particulars 
from former ones, 7%e changes consist y first, in a more convenient 
and systematic arrangement of the original Tables, and in the removal 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ^ and secondly, in the 
extension of practical utility conferred on t/iewori^ by ff^e introduction 
of Tables now inserted for the first time. This netu and important 
matter is all so much actually added to Inwood's Tables.; nothing 
has been abstracted from the original collection: so thai those who have 
been long in the hdbit of consulting Inwood for any special profes' 
sional purpose will^ as heretofore^ find the information sought still in 
its pages, 

" Those interested in the purchase and sale of estates, and in the adjustment oi 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent iitn\xxr.**— Engineering. 

Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rides for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M. A., Architect, Author of " The Science of Building," &c. 
With Illustrations. Demy 8vo. [/« ^ press. 

Compound Interest and Annuities, 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
wdth Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their AppUcations and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Society Credit Mobilier, 
Paris. i2mo, cloth, ^s, 

** A very powerfuf work, and the Author has a very remarkable command of his 
subject." — Professor A. de Morgan. 

"No banker, merchant, tradesman, or man of buaness, ought to be without Mr 
Thoman's truly * handy-book.' " — Review. 

*' The author of this * handy-book * deserves our thanks." — Insurance GautU, 

" We recommend it to the notice of actuaries and acco\s.'Rtoa\\&.'* — AiKetwewm* 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MEMOIRE to the MILITARY 'SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, price 4/. lar. 

"A compendious encycIopsBdia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Review, 

" The most comprehensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be found names of 
the highest distinction in the services. . . . The work claims and possesses the great 
merit that by far the larger portion of its subjects have been treated originally by the 
practical men who have been its contributors. ' — Volunteer Service Gazette. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed, 
price \zs. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price 7^. dd, [Recently published, 

" Essentially a manual for practical men, and precisely such a book as practical 
men will appreciate." — Scienti/ic Review, 

"A complete ency^clopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sopnistication, are given with clearness, and are 
practical as well as valuable." — Chemist and Druggist, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4^. cloth. 

" This publication fully bears out its title of ' Manual' It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and dectro-physiology. 
'"Atheneeum. 

*' The commendations already bestowed in the paees of the Lancet on the former 
editions of this work are more than ever merited by the present. The accounts given 
of electricity and galvanism are not only complete m a scientific sense, but, which is a 
isurer tbing, are popular and interesting." — Lancet, 
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Text- Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY: in- 
cluding Magnetism, Voltaic Electricity, Electro- Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, izs. 6d. cloth. 

" We can recommend Dr. Noad's bpok for clear style, great range of subject, a eood 
index, and a plethora of woodcuts. Such collections as the present are indispensable.** 
— Athetututn. 

** A most elaborate compilation of the facts of electricity anil magnetism, and of the 
theories which have been advanced concerning them." — Popular Science Review, 

" Clear, compendious, compact, well illustrated, and well printed, this is an excel- 
lent manual." — Lancet. 

'* We can strongly recommend the work, as an admirable text-book, to every student 
— beginner or advanced— of electricity." — Engineering. 

** The most complete manual on the subject of electricity to be met with.** — Observer. 

" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Mechanic^ Magazine. 

" We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no bo ok of any size that contains so 
complete a range of facta." — English Mechanic. 

Rudimentary Magnetism, 

RUDIMENTARY MAGNETISM : being a concUe exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph. D. Numerous Woodcuts. i2mo. \Jn the press. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, qj. cloth. 

*• We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide^ alike indispensable to die housewife as to the pharmaceutical practitioner." — 
Medical Times. 

"The very best work on the subject the English press has yet produced." — Me- 
chanicsf Magazine. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Cambridge. Second 
Edition. i8mo, $s, cloth* 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Timbs, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5j. cloth. 

** This workf published annually ^ records the proceedings of the 
principal scientific societies, and is indispensable to all who wish to 
possess a faithful record of the latest novelties in science and the arts. 

The back Volumes, from 1861 to 1870, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5x. each. 

'* Pei^QS who wish for a concise annual summary of important scientific events will 
find their desire in the ' Year Book of Facts.' " — Athetueum., 

^ ' ' The standard work of its class. Mr. Timbs's ' Year Book ' is always full of svgges- 
tive and interesting matter, and is an excellent risumS of the year's progress m the 
sciences and the arts." — Builder. 

" A correct exponent of scientific progress .... a record of abiding interest If 
anyone wishes to know what progress science has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required Information." — Mechanics* Magaxine. 

** An invaluable compendium of scientific progress for which the public are indebted 
to the untiring energy of Mr. Timbs." — Atlas. 

** There is not a more useful or more interesting compilation than the * Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise."— 
Railway Nevus, 



Science and Scripture, 



SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— I. 
Alleged Discrepancies ; 2. The Theory of the Geolc^ts and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars — their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary MaUiematics," 
&c. &c. Fcap. 8yo, price 5x. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman, 

*' Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical abiuty, and by a style peculiarly clear, easy, and energetic" — Nonconfifrmist. 

" No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism." — Baptist Magaxine. 

" The author has displayed considerable learning and critical acumen in combating 
the objections alluded to The volume is one of considerable value, inas- 
much as it contains much sound thought, and is calculated to assist the reader to dis- 
criminate truth from error, at least so far as a finite mind is able to separate them. 
The woric, therefore, must be considered to be a valuable contribution to controiverBal 
theological literature." — City Press, 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony 'and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 51. doth. 

" We can recommexul Mn Le Vaux as an able and interesting guide to a popular 
appreciation of geological science.** — Spectator, 

** The author combines an unbotmded admiration of science with an unbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is, that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — Lottdon Review. 

** A most instructive and readable book. We welcome this volume as aiding in a 
most important discussion, and commend it to thbse interested in the subject." — 
Evan^fical Magazine. 

** Vigorously written, reverent in spirit, st(»red with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Wwd smd 
the works of the Creator. The future of Nature in connexion with the glorious destiny 
of man, is vividly conceived." — IVatchman. 

** No real difficulty is shirked, and no sophistry is left unexposed." — TAe Rock. 

Geology, Physical 

PHYSICAL GEOLOGY. (ParUy based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo. [yust ready. 

Geology, Historical 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo. [Just ready. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s, 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 

from ' A Lady's * publication." — Atherueum. 

** A real practical guide. It is very complete.** — Literary Churchman, 

" The directions given are plain and easily imderstood, and it forms a very good 

introduction to the practical part of the carver's art." — English Mechanic. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8yo, 6j. cloth. 

\* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 

** A work that may be advantag^eously consulted. Much may be learned, even by 
those who fancy they do not require to be taught, from the careful perusal of this 
unpretending but comprehensive treatise.'* — Art Journal. 

" A valuable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the yotmg artist 
seeking information as by the general reader. We give a cordial welcome to the book, 
and au^r for it an increasing reputation.** — Builder. 

" This volume is one that we can heartily recqpnmend to all who are desirous of 
understanding what they admire iui a good painting.*' — DaUy News. 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rndimentaiy Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 91. Elegantly bound, cloth antique. 

" A handy book, beautifully illustrated ; the text of which is wdl written, and cal- 
culated to be usefuL . . . The examples ^ ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from coUectimis accessiUe to all, are 
selected with judgment and knowledge, as well as taste." — Atketutum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engraver^ Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J. cloth. 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many vears' study and research. For those who insert enamelled sentences 
round, gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be useful." — Athetueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J'. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plain and ornamental letters is 
wonderful. ^^ —Standard. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 2 1 Plates, and Illuminated Title, 

Erinted in Gold and Colours. With an Introduction by J. Willis 
iROOKS. Small 4to, 6j. cloth gilt. 

*' A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem embla2oned in these' characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems^ Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, 2j. 6d^. in ornamental boards. 
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AGRICULTURE, &c. 



Yotcatt and BurtCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of **The Lessons of My Farm," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. u. half-bd. 



CONTENTS. 



On the Breedings Rearing, Fattening^ 
and General Management ^Neat Cattle. 
— Introductory View of the different Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neat Cattle. — General Observations on 
Biiying and Stocking a Farm with Cattle. 
—The Bull.— The Cow.— Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal.— Steers and Draught Oxen.— Graz- 
ing Cattle. — Summer Soiling Cattle. — 
"mnter Box and Stall-feeding Cattle. — 
Artificial Food for Cattle. — ^Preparation 
of Food.— Sale of Cattle. 

On the Economy and Management of 
the Dairy. — Milch Kine.— Pasture and 
other Food best calculated for Cows, as 
it regards their Milk. — Situation and 
Buildings proper for a Dairy, and the 

S roper Dairy Utensils. — Management of 
lilk and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 
On the Breeding, Rearing, and Ma- 
nagentent of Farm-horses. — Introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Houses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts. — Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses. — 
Asses and Mules. 

On the Breeding, Rearing, and Fat- 
tening of Sheep. — -Introductory and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lambs, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding, Rearing, and Fat' 
tening of Swine.— -Introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Cattle. — Diseases 
Incident to Cattle. — Diseases of Calves. — 
Diseases of Horses. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c. — PaJmipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices ofid Implements of 
Husbandry. — Tlie Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Thrashing Machin^ Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management oj 
Grass Land, — Size and Shape of Fields, 
—Fences. — Pasture Land. — Meadow 
Land. — Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — Warpin^f. 

On the Cultivation and Ap^ication 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — ^Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General, and their 
Application to Grass Za«^.— Vegetable 
Manures. — Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — ^Application ofManures.— Flemish 
System of Manuring.— Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Wedc, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Year. — Obser- 
vations on the Weather. — Index. 



*• The standard, and text-book, with the farmer and grazier." — Farmer's Magazine. 

** A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with the improvements of the age." — 
BelVs Messenger. 

" A treatise which will remain a standard work on the subject as long as Bridsk 
agriculture endures." — Mark Lane Express, 
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Scott Burns Introduction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, beii^ an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultural Facts," 
&c. With numerous Illustrations. Fcp. dr. cloth. 
"A most complete introduction to the whole romid of farming practice '* — jfokn 

BtdL 

"There are many hints in it which even old farmers need not l)e ashamed to 

accept."— Mamm^ HercUd. 

TaJ)lesfor Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added, Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also. Tables 
of Square Measure, a^d of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, Civil Engineer. New Edition, with Additions and 
Corrections, price 4J. strongly bound. 
" This new edition includes tables for ascertaining the value of leases for any term 
of years ; and for showing how to lay out plots of ground of certain acres in forms, 
square, round, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional man." — Farmer's Joumal. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4J, cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND ESTATE AGENT, AND VALUER'S POCKET AS- 

• SISTANT, for the Valuation for Purchase, Sale, or Renewal of 

Leases, Annuities, and Reversions, and of property generally; 

with prices for Inventories, &c. By John Wheeler, Valuer, &c 

Third Edition, enlarged, by C. NoRRis. Royal 32mo, strongly 

bound, price Jj. yjtist published, 

"A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine Uie 
value of furniture, &c." — Standard^ June 27, 1871. 

The Civil Service Book-keeping. 

Book-keeping no mystery : its Principles popularly ex- 
plained, and the Theory of Double Entry analysed ; for the use of 
Yoimg Men commencing Business, Examination Candidates, and 
Students generally. By an Experienced Book-Keeper, late of 
H.M. Civil Service. Second Edition. Fcp. 8vo. price zs, cloth. 
*'A book which brings the so-called mysteries within the comprehension of the 
simplest capacity." — Sunday Times. 

" It is dear and concise, and exactly such a text-book as students require.**— 
QnarUrly yaumal of Education, 
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Text-Book for Architects, Engineers, Surveyors^ 
Land Agents^ Country Gentlemen, &c. 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS, in aU their several and 
varied Professional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Property ; tc^ether 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor, To which are added several 
Chapters on Agriculture and Landed Property, by Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo, price i/. &r. cloth. 



CONTENTS. 



Arithmetic 

Plane and Solid Geometry. 

Mensuration. 

Trigonometry. 

Conic Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

Computation of Areas. 

Copying Maps. 

Railway Surveying. 

Colonial Surveying. 

Hydraulics in connection 

WITH Drainage, Sewerage, 

AND Water Supply. 



Timber Measuring. 

Artificers* Work. 

Valuation of Estates. 

Valuation of Tillage and Tenant 
Right. 

Valuation of Parishes. 

Builders* Prices. 

Dilapidations and Nuisances. 

The Law relating to Appraisers and 
Auctioneers. 

Landlord and Tenant. 

Tables of Natural Sines and Co- 
sines ; FOR- Reducing Links into 
Feet, &c. &c 

Stamp Laws. 

Examples of Villas, &c. 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson. 

Chap. I. — Landlord and Tenant : their Position and Connections. 

Chap. II. — Lease of Land, Conditions and Restrictioils ; Choice of Tenant, 

and Assignation of the Deed. 
Chap. III. — Cultivation of Land, and Rotation of Crops. 
Chap. IV.— Buildings necessary on Cultivated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roads, Fences, and Gates. 
Chap. VI. — Plantations, Young and Old Timber. 
Chap. VII. — Meadows and Embankments, Beds of River^ Water Courses, 

and Flooded Grounds. 
Chap. VIII. — Land Draining, Opened and Covered : Plan, Ezecuticm, and 

Arrangement between Landlwd and Tenant. 
Chap. IX. — Minerals, Working, and Value. 
Chap. X. — Expenses of an Estate. 
Chap. XL — ^Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights, of Royalties, and of Fee 

Farm Rents. 
Chap. XII. — Land Steward and Farm Bailiff: Qualifications and Duties. 
Chap. XIII. — Manor BailiF, Woodreeve, Gardener, and Gamekeeper: their 

Position and Duties. 
Chap. XIV.— Fixed Days of Audit : Half-yearly Pairments of Rents, Form of 

Notices, Receipts, and ot Cash Books, General Map of Es- 
tates, &C. 
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" No Englishman ought to be without this bookJ' 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 8di Edition, 
carefully revised, including a Summary of the New Bankruptcy 
Laws, the Fraudulent Debtors Act, the Reported Cases of the 
Courts of Law and Equity, &c. With Notes and References to the 
Authorities. i2mo, price 6i; &/. (saved at every consultation), 
strongly bound. 

Comprising the Rights and Wrongs of Individuals^ Mercantile and Com- 
merctal Law, Criminal Law, Parish Law, County Court Law, 
Game and Fishery Laws, Poor Metis Lawsuits, 

THE LAWS OF 



Bankruptcy. 

Bills of Exchange. 

contkacts and agreements. 

Copyright. 

Dower and Divorce. 

Elections and Registration. 



Mortgages. 

Settlements, 

Stock Exchange Practice. 

Trade Marks and Patents. 

Trespass, Nuisances, etc. 

Transfer of Land, etc. 



Insurance. j Warranty. 

Libel and Slander. > Wills and Agreements, etc. 



Also Law for 



Landlord and Tenant. 
Master and Servant. 
Workmen and Apprendces. 
Heirs, Devisees, and I^^^tees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants. 
FsCrtners and Agents. 
Lender and Borrower. 
Debtor and Creditor. 
Fturchaser and Vendor. 
Companies and Associations. 
Friendly Societies. 



Clergymen, Churchwardens. 
Medical Practiti<»iers, &c. 
Bankers. 
Farmers, 
Contractors. 

Stock and Share Brokers. 
Sportsmen and Gamekeepers. 
Farriers and Horse-Dealers. 
Auctioneers, House-Agents. 
Innkeepers, &c 
Pawnbrokers. 
Surveyors. 

Railways and Carriers. 
&c. &c. 



** No Englishman tmght to be Without this book . . . any person perfectly unin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessar>r information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer." — Engineer, Jan. 
^, 1870. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times, March 6, 1870. 

*' With the volume before us in hand, a man may, in nine cases out of ten, decide 
Ids own course of acdon, learn how to proceed for redress of wrones, or recovery of 
rights, and save his pocket from the dreaded consultation fees and the incalculable 
bills of costs."— Civil Service Gazette , May 23, 1868. 

** We have found it highly satisfactory as a work of authority and reference, and a 
handy-book of informadon. There is abundance of dieap and safe law in this work 
for all who want it." — Rock, May 26, 1868. 

" A useful and concise epitome of the law, compiled with considerable care."— Zow 
Magazine, 

" What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readi- 
when some knotty point requires ready soludon." — BelVs Life. 
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